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Report  of  the  Executive  Committee. 


To  His  Excellency  George  P.  McLean, 

Gover7ior  of  Connecticut: 

In  accordance  with  the  resolution  of  the  General  Assembly 
concerning  the  congressional  appropriations  to  the  Agricultural 
Experiment  Stations,  and  an  Act  of  the  General  Assembly 
approved  March  19,  1895,  relating  to  the  publication  of  the 
Reports  of  the  Storrs  Agricultural  Experiment  Station,  we 
have  the  honor  to  present  herewith  the  Fourteenth  Annual 
Report  of  that  Station,  namely,  that  for  the  year  1901. 

The  accompanying  report  of  the  Treasurer  gives  the  details 
of  receipts  and  expenditures.  We  refer  3^ou  to  the  report  of 
the  Director  and  his  associates  for  a  statement' of  the  work. 
accomplished  during  the  past  j^ear. 

Respectfully  submitted, 


/    Executive 

B.  C.  PATTERSON, 

\   Committee^ 


GEORGE  A.  HOPSON, 
B.  C.  PATTERSON, 
GEORGE  S.  PALMER, 


Report  of  the  Treasurer 

For  the  Fiscal  Year  Fnding  June  30th,  1901. 


The  following"  summary  of  receipts  and  expenditures,  made 
out  in  accordance  with  the  form  recommended  by  the  United 
States  Department  of  Agriculture,  includes,  first,  the  Govern- 
ment appropriation  of  $7,500,  and,  secondly,  the  annual  appro- 
priation of  $1,800  made  by  the  State  of  Connecticut,  together 
with  various  supplemental  receipts.  These  accounts  have  been 
duly  audited  according  to  law,  as  is  shown  by  the  Auditors' 
certificates,  copies  of  which  are  appended. 

GOVERNMENT  APPROPRIATION — RECEIPTS  AND  EXPENDITURES. 

RECEIPTS. 

United  States  Treasury, S7,500  00 

EXPENDITURES. 

Salaries, 4,091  OS 

I,abor. -       .       .       .  1,057  53 

Publications,      ------ --  76  78 

Postage  and  stationery    ------------  336  13 

Freight  and  express, 96  4.5 

Heat,  light  and  water,     - .      -        -       - 627  36 

Chemical  supplies,           ..- 220  98 

Seeds,  plants  and  sundry  supplies,       ---------  190  20 

Fertilizers, 64  23 

Feeding  stuffs,           -        -        -        - 133  34 

Tools,  implements  and  machinery,      ---------  5  05 

Furniture  and  fixtures, - 59  20 

Scientific  apparatus,        .------..-..  355  39 

I,ive  stock, --  25  15 

Traveling  expenses,         --- 141  48 

Contingent  expenses, - 10  00 

Buildings  and  repairs,             - 9  15 

$7,500  00 

auditors'    CERTIFICATE. 

We,  the  undersigned,  duly  appointed  Auditors  of  the  Corporation,  do  hereby 
certify  that  we  have  examined  the  books  and  accounts  of  the  Storrs  Agricultural 
Experiment  Station  for  the  fiscal  year  ending  June  30,  igoi;  that  we  have 
found  the  same  well  kept  and  classified  as  above,  and  that  the  receipts  for  the 
year  from  the  Treasurer  of  the  United  States  are  shown  to  have  been  $7,500, 
and  the  corresponding  disbursements  $7,500;  for  all  of  which  proper  vouchers 
are  on  file  and  have  been  by  us  examined  and  found  correct,  thus  leaving  no 
balance. 

And  we  further  certify  that  the  expenditures  have  been  solely  for  the  pur- 
poses set  forth  in  the  act  of  Congress,  approved  March  2,  1887. 

(Signed,)         Geo.  A.   Hopson, 

Hartford,  Conn.,  Aug.  10,  1901. 


,r     ,r     T^  r  Auditors. 

M.   M.   Frisbie, 


STATE   APPROPRIATION    AND    SUPPLEMENTAL   RECEIPTS — 
RECEIPTS    AND   EXPENDITURES. 

RECEIPTS. 

State  of  Connecticut,        ------------   S$l,800  00 

Miscellaneous  receipts, ------  128  20 

SI, 928  20 

EXPENDITURES. 

Salaries, -       -       - $729  96 

I^abor, -        -        - 195  63 

Postage  and  stationer}',           -----------  20  49 

Freight  and  express,        -.- -.--  7  82 

Heat,  light  and  water,     ------ 17489 

Chemical  supplies,            ------------  2  50 

Seeds,  plants  and  sundry  supplies,       -        -        -   .     -        -        -        -        -        -  87  93 

Bacteriological  investigations,       ----------  .530  07 

Feeding  stuffs,           -------------  15  90 

Tools,  implements  and  machinery,      ---------  4  86 

Furniture  and  fixtures,           -----------  17  79 

Scientific  apparatus,         ------------  139  26 

Traveling  expenses,         ------------  110 

SI, 928  20 


AUDITORS     CERTIFICATES. 

We,  the  undersigned,  duly  appointed  Auditors  of  the  Corporation,  do  hereby 
certify  that  we  have  examined  the  books  and  accounts  of  the  Storrs  Agricultural 
Experiment  Station  for  the  fiscal  year  ending  June  30,  1901;  that  we  have 
found  the  same  well  kept  and  classified  as  above,  and  thai  the  receipts  for  the 
year  from  the  Treasurer  of  the  State  of  Connecticut  are  shown  to  have  been 
$1,800,  and  the  corresponding  disbursements  $1,800,  for  all  of  which  proper 
vouchers  are  on  file  and  have  been  by  us  examined  and  found  correct;  thus 
leaving  no  balance. 

(Signed,)         Geo.  A.  Hopson,   ?  ^^^.,^^,^_ 
M.   M.  Frisbie,      j 

Hartford,  Conn.,  Aug.  10,  1901. 

We,  the  undersigned,  duly  appointed  Auditors  of  the  Corporation,  do  hereby 
certify  that  we  have  examined  the  books  and  accounts  of  the  Storrs  Agricultural 
Experiment  Station  for  the  fiscal  year  ending  June  30,  1901;  that  we  have 
found  the  same  well  kept  and  classified  as  above,  and  that  the  receipts  for  the 
year  from  miscellaneous  sources  are  shown  to  have  been  $128.20,  and  the  cor- 
responding disbursements  $128.20;  for  all  of  which  proper  vouchers  are  on  file 
and  have  been  by  us  examined  and  found  correct,  thus  leaving  no  balance. 

(Signed),         Geo.  A.   Hopson,   )    .     ,.^ 
^    ^       ^  \  Auditors. 

M.  M.  Frisbie,      \ 

Hartford,  Conn.,  Aug.  10,  igoi. 

W.  D.  HoLMAN,  Treastirer. 


Report  of  the  Director  for  the  Year  igoi. 


The  work  of  the  Storrs  Station  during  the  year  1901  has 
been  largely  in  continuation  of  that  of  previous  years.  This 
is  in  accordance  with  the  policy  of  the  Station  since  its  estab- 
lishment, namely;  to  concentrate  its  energies  upon  a  few  im- 
portant lines  of  inquiry  and  to  continue  on  these  from  year  to 
year  as  long  as  circumstances  warrant.  The  principal  inquiries 
now  in  progress  at  the  Station  have  to  do  with  the  nutrition  of 
plants,  domestic  animals,  and  man,  and  the  bacteriology  of  the 
dairy.  These  have  included  experiments  on  the  effects  of  fer- 
tilizers upon  the  growth  and  composition  of  plants,  studies  of 
the  rations  fed  to  milch  cows,  studies  of  bacteria,  especially 
those  concerned  in  normal  cream  ripening,  and  investigations 
on  the  food  and  nutrition  of  man.  Some  account  of  the  ob- 
jects, methods  and  results  of  various  inquiries  in  these  lines 
are  given  by  different  members  of  the  Station  staff  in  this 
Report.  Not  all  the  work  done  during  the  year  is  described 
in  the  present  volume,  since  in  some  cases  the  results  are  not 
3^et  ripe  for  publication;  on  the  other  hand,  some  of  the  articles 
include  the  results  of  the  work  of  more  than  a  year. 

FIELD  AND  POT  EXPERIMENTS  WITH  FERTILIZERS. 

The  experiments  on  the  effects  of  fertilizers  upon  the  growth 
and  the  composition  of  plants  were  carried  on  in  1901  as  in 
previous  years  at  Storrs,  under  the  direction  of  Prof.  Phelps. 
These  include  soil  tests  and  soil  improvement  experiments  on 
field  plots,  and  special  nitrogen  experiments  both  on  field  plots 
and  in  pots.  Accounts  of  the  experiments  of  the  past  year 
are  given  by  Prof.  Phelps  in  this  Report. 

Soil  tests. — The  experiment  known  as  soil  test  has  been  con- 
tinued at  Storrs  for  twelve  years  upon  the  same  field.  The 
field  is  divided  into  parallel  plots  of  equal  size,  on  which  fertil- 
izers containing  nitrogen,  phosphoric  acid  and  potash  are  ap- 
plied singly  and  in  different  combinations,  and  corn,  potatoes, 
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oats  and  cow  pea.s  or  soy  beans  are  grown  in  a  four-year  rota- 
tion. The  object  of  the  experiment  is  to  stud)'  the  capacity  of 
the  soil  to  supply  the  fertilizing  ingredients  mentioned,  and 
the  particular  needs  of  the  crops  for  any  or  all  of  them.  The 
experiment  of  1901  was  with  soy  beans.  The  deduction  from 
the  results  of  this  test  are  in  accord  with  those  of  previous 
years.  From  the  results  obtained  during  the  twelve  years  of 
experimenting  in  this  particular  field,  it  appears  that  the  fer- 
tilizing ingredients  most  needed  have  varied  with  the  crop; 
that  is  to  say,  the  peculiarities  of  the  plant  have  had  as  much 
or  more  to  do  with  deciding  the  demand  for  fertilizers  than 
any  special  deficiency  of  the  soil.  Cow  peas  and  soy  beans 
have  been  benefited  by  phosphoric  acid  and  potash,  but  have 
paid  little  heed  to  nitrogen.  Corn  and  oats  have  responded 
well  to  nitrogen,  and  both  have  been  helped  by  phosphoric 
acid,  but  neither  has  been  much  increased  by  potash.  Pota- 
toes have  been  benefited  by  all  three  ingredients,  and  espe- 
cially helped  by  potash. 

Special  nitroge7i  experiment. — The  object  of  these  experi- 
ments is  to  obtain  information  regarding  the  effects  of  nitro- 
gen in  different  fertilizers  upon  the  yield,  and  more  especially 
the  composition  of  different  crops.  In  carrying  out  these 
experiments  the  crops  are  grown  on  a  series  of  parallel  plots 
some  of  which  are  without  fertilizer,  some  with  definite  quan- 
tities of  mineral  fertilizers  only,  and  others  with  the  mineral 
fertilizers  and  varying  quantities  of  nitrogen.  The  effect  of 
the  nitrogen  upon  the  total  yield  of  the  crop  is  estimated  by 
comparing  the  yields  from  the  plots  having  the  mineral  fertili- 
zers alone  with  those  from  the  plots  having  different  quantities 
of  nitrogen  in  addition  to  the  minerals;  the  effect  upon  the 
composition  of  the  crop  is  likewise  estimated  by  analyzing 
samples  of  the  crops  from  the  different  plots.  These  experi- 
ments are  made  each  year  with  corn,  cow  peas  and  soy  beans, 
that  of  1 901  being  the  seventh  in  a  consecutive  series  on  the 
same  plots.  The  results  of  the  seven  ^xars  of  experiment 
with  these  three  crops  indicate  that  with  the  cereals,  the  effect 
of  the  nitrogenous  fertilizer  is  to  increase  both  the  total  yield 
of  the  crop  and  the  proportion  of  protein,  thus  in  a  two-fold 
wa}'  increasing  the  food  value;  while  with  the  legumes  the 
nitrogen  of  the  fertilizers  has  very  little   effect   upon   either 
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the  yield  or  the  composition.  The  effect  of  the  nitrogenous 
fertihzers  upon  the  yields  of  the  crops  has  long  been  known. 
The  principle  which  has  been  less  thoroughly  understood,  and 
which  these  experiments  are  bringing  out  more  clearly,  is  that 
not  only  the  total  amount  of  the  crop,  but  also  the  percentage 
of  its  costliest  ingredient,  protein,  may  be  increased.  In  this 
respect  particularly  the  results  of  the  experiments  are  of  im- 
mense practical  importance  to  farmers,  in  indicating  how  the 
production  of  protein  on  the  farm  may  be  increased. 

Pot  experiments  with  fertilizers . — Experiments  similar  to  the 
special  nitrogen  experiments  on  the  field  plots  have  been  car- 
ried on  for  a  few  years  on  a  small  scale  in  such  a  way  that 
moisture  and  other  external  conditions  affecting  the  growth  of 
the  plants  might  be  more  completely  under  control.  In  these 
experiments  the  plants  are  grown  in  pots  filled  with  soil  quite 
uniformly  mixed,  and  treated  with  the  same  kinds  of  fertilizers 
as  are  used  in  the  plot  experiments.  The  results  of  these 
experiments  accord  with  those  of  the  special  nitrogen  field 
experiments  in  indicating  that  the  nitrogenous  fertilizers  are 
valuable  for  increasing  the  quantity  and  protein  content  of 
grasses  and  grains,  but  are  of  little  value  for  the  legumes. 

Experiment  on  soil  improvem,e?it.  — The  purpose  of  this  exper- 
iment is  to  study  the  economy  of  different  methods  of  manuring 
for  restoring  fertility  to  a  soil  lacking  in  organic  matter  and  in 
available  nitrogen.  The  experiment  was  begun  in  1899  and 
has  since  been  continued  on  the  same  plots.  The  results  thus 
far  obtained  indicate  a  high  value  for  legumes  like  common  red 
clover  when  plowed  under  for  green  manuring. 

FEEDING  EXPERIMENTS  WITH  DAIRY  HERDS. 

Studies  of  rations  fed  to  milch  cows  were  carried  on  during 
the  past  year  as  in  preceding  years,  in  cooperation  with  a  num- 
ber of  farmers  in  different  parts  of  the  State.  A  report  of  the 
studies  of  four  herds  is  given  by  Prof.  Phelps  in  the  present 
Report.  The  object  of  these  experiments  is  to  learn  how 
representative  dairy  farmers  in  Connecticut  feed  their  cows, 
compare  the  results  obtained  by  their  methods  with  results  of 
other  methods  elsewhere,  and  to  suggest  improvements  wher- 
ever they  can  be  made.     Besides  serving  for  instruction  to  the 
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farmers  in  methods  of  scientific  study,  the  cooperative  ex- 
periments bring  new  and  valuable  information  regarding  the 
economical  feeding  of  cows  for  the  production  of  milk  and 
butter.  The  results  of  the  experiments  point  to  the  value  of 
rations  with  a  narrow  nutritive  ratio,  that  is  with  liberal  pro- 
portions of  protein,  for  the  production  of  milk  and  butter;  and 
wherever  a  wide  ration  has  been  found  in  use  an  increase  in 
the  amount  of  nitrogenous  feeding  stuffs  has  been  proposed, 
usually  with  profitable  results  so  far  as  the  short  experiments 
have  indicated.  It  is  encouraging  to  observe  that  dairy  farmers 
are  becoming  more  and  more  familiar  with  such  facts,  a  num- 
ber of  farmers  having  been  found  who  were  feeding  rations 
with  narrow  ratio  and  large  quantities  of  protein. 

DAIRY  BACTERIOLOGY. 

The  work  upon  the  bacteria  of  milk  has  been  continued  dur- 
ing the  present  year  by  Prof.  Conn,  aided  by  Mr.  Esten,  at 
Wesleyan  University.  Mr.  W.  A.  Stocking  has  also  been 
employed  b}^  the  Station  and  his  whole  time  devoted  to  carry- 
ing on  the  experiments  in  dairy  bacteriology  at  Storrs.  The 
experiments  conducted  by  Prof.  Conn  and  his  associates  during 
the  past  two  or  three  years  are  in  a  new  field  of  inquir3^  The 
topics  that  have  been  investigated  are  the  sources  of  bacterial 
contamination  of  milk  in  ordinary  dairying  and  the  practical 
methods  of  reducing  this  contamination,  and  the  question  of 
the  growth  of  bacteria  in  milk  under  normal  conditions.  The 
latter  subject  has  a  very  practical  bearing  upon  problems  asso- 
ciated with  the  healthfulness  of  milk  and  with  the  ripening  of 
cream  and  cheese.  It  is  hoped  that  the  results  of  the  experi- 
ments will  ultimately  give  to  dairymen  a  more  satisfactory 
explanation  of  the  relation  of  the  different  species  of  bacteria 
to  the  quality  of  their  products.  The  results  which  are  given 
in  this  Report  afford  interesting  suggestions  regarding  the 
dairyman's  methods  of  handling  bacteriological  problems  in 
the  future.  Perhaps  the  most  significant  is  the  suggestion 
that  the  lactic  bacteria  are  rather  an  advantage  than  a  dis- 
advantage to  the  dairyman  since  they  protect  the  milk,  cream 
and  cheese  from  the  action  of  other  bacteria. 
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FOOD  AND  NUTRITION  OF  MAN. 


The  inquiries  on  the  food  and  nutrition  of  man  carried  on  by 
the  Station  in  cooperation  with  the  United  States  Department 
of  Agriculture  for  several  years  past  have  been  continued. 
These  include  analyses  of  food  materials,  studies  of  dietaries 
of  different  classes  of  people,  digestion  experiments  with  men, 
determinations  of  the  fuel  values  of  food  materials,  and  met- 
abolism experiments  with  men  in  the  respiration  calorimeter. 
With  the  exception  of  the  dietary  studies,  investigations  in  each 
of  these  lines  have  been  made  during  the  past  j^ear.  The  de- 
terminations of  the  composition,  digestibility,  and  fuel  values 
of  food  materials  w^ere  made  in  connection  with  the  metabolism 
experiments  with  men  in  the  respiration  calorimeter.  Six  met- 
abolism experiments  were  made  during  the  past  year,  accounts 
of  which  will  be  published  later.  The  results  of  a  large  num- 
ber of  experiments  upon  the  digestibility  of  food  materials  are 
given  in  the  present  Report. 

ANALYSES  OF  FOODS,  FEEDING  STUFFS,  ETC. 

In  connection  with  the  inquiries  of  the  Station,  a  large  num- 
ber of  chemical  analyses  are  required.  These  include  analj^ses 
of  crops  grown  in  the  tests  with  fertilizers,  and  of  foods  and 
other  materials  used  in  the  metabolism  experiments  with  man. 

In  addition  to  the  chemical  analyses  of  the  various  foods, 
feeding  stuffs,  etc.,  the  heats  of  combustion  of  a  large  number 
of  specimens  have  also  been  determined. 

METEOROLOGICAL  OBSERVATIONS. 

The  usual  observations  of  temperature,  barometic  pressure, 
wind  velocity,  humidity  and  precipitation  have  been  made  at 
Storrs.  In  addition,  records  of  rainfall  during  the  growing 
season  have  been  made  in  other  places  in  different  parts  of  the 
State  by  farmers  who  have  cooperated  with  the  Station. 

DISSEMINATION  OF  INFORMATION. 

Considerable  attention  is  given  to  the  dissemination  of  the 
results  of  the  work  of  the  Station.  Annual  Reports  and  Bul- 
letins are  published  and  distributed  throughout  the  State  and 
elsewhere.     The  Reports  contain  the  more  technical  details  of 
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the  investigations  for  permanent  record  and  for  the  especial 
use  of  those  particularly  interested  in  such  matters,  while  the 
Bulletins  are  of  a  more  popular  nature  and  present  the  practi- 
cal side  of  the  results  of  the  work.  .  The  latter  are  printed  in 
larger  numbers  than  the  former. 

The  Station  has  also  an  extensive  correspondence,  letters 
being  written  in  answer  to  questions  concerning  the  work 
which  come  not  only  from  Connecticut  and  other  parts  of  the 
United  States,  but  also  from  foreign  countries.  In  addition  to 
this,  members  of  the  Station  staff  have  given  frequent  lectures 
and  addresses  before  institutes,  conventions,  and  other  meet- 
ings of  farmers  and  dairymen. 

♦  W.  O.  Atwater,  Director. 
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THE   COMPARATIVE   GROWTH    OF   DIFFERENT 
SPECIES  OF  BACTERIA  IN  NORMAE  MIEK. 

BY  H.  \V.   CONN  AND  W.  M.  ESTEN. 


The  study  of  the  bacteria  in  milk  carried  on  during  the  last 
fifteen  5'ears  has  been  confined  largely  to  two  lines  of  inquiry. 
(i)  There  has  been  a  large  amount  of  quantitative  bacterio- 
logical study,  determining  the  number  of  bacteria  in  milk  under 
different  conditions;  and  (2)  there  has  been  a  large  amount  of 
work  done  in  separating  from  milk  different  species  of  micro- 
organisms and  carefully  studying  their  biological  characters. 
This  has  continued  until  there  are  described  in  literature  more 
than  200  species  of  bacteria  more  or  less  characteristic  of  milk 
or  some  of  its  products.  .  Although  this  work  has  continued  in 
very  large  amount  for  many  5'ears,  the  information  which  has 
been  obtained  in  regard  to  the  actual  species  of  bacteria  in  milk 
under  different  conditions,  is  very  slight  indeed.  Very  little 
attention  has  been  given  to  the  growth  of  different  species  of 
bacteria  under  normal  conditions.  De  Freudenreich,*  Russell 
and  Winzirl,t  and  Harrison, |  have  carried  on  some  such 
studies  in  regard  to  the  bacteria  present  in  cheese  during  the 
period  of  ripening,  resulting  in  some  considerable  change  in 
the  belief  of  scientists  as  to  the  real  nature  of  the  ripening 
process  in  cheese.  Practically  nothing,  however,  has  hitherto 
been  known  of  the  development  of  different  species  of  bacteria 
in  normal  milk.  The  increase  in  numbers  has  been  deter- 
mined in  scores  of  cases,  but  no  studies  have  been  made  upon 
the  question  as  to  whether  this  increase,  occurring  as  the  milk 
ages,  is  an  increase  in  all  kinds  of  dairy  bacteria,  or  whether 
it  is  onlj^  certain  species  that  thus  develop  at  the  expense  of 
others. 


*Centbl.  f.  Bact.  u.  Par.  II.,  III.,  1S97. 

+  Wisconsin  Exp.  Sta.  Rept.,  1896. 

J  Harrison,  Trans.  Can.  Inst.,  1901,  VII. 
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A  better  knowledge  of  the  actual  growth  of  bacteria  in  milk 
under  normal  conditions  would  be  useful  in  at  least  three  differ- 
ent directions. 

1.  The  general  biological  laws  which  control  living  things 
are  materially  concerned  in  such  a  problem.  It  is  clear  enough 
that  there  must  be  going  on  in  the  milk,  for  the  first  day  or 
two  after  it  has  been  drawn  from  the  cow,  an  intense  bacterio- 
logical struggle.  The  different  species  of  bacteria  are  endeav- 
oring to  adapt  themselves  to  the  conditions,  and  there  is  a 
"struggle  for  existence "  among  them,  the  conclusion  of  which 
is  a  matter  of  much  importance  in  its  bearing  upon  general 
biological  laws. 

2.  The  value  of  such  a  knowledge  to  the  dairy  industry 
would  doubtless  be  very  great,  although  in  advance  it  is  quite 
impossible  to  predict  just  what  its  practical  use  might  be.  It 
would  show  what  species  are  likely  to  disappear  in  the  struggle 
for  existence.  It  might  perhaps  give  us  information  in  regard 
to  the  conditions  which  would  be  required  for  checking  the 
growth  of  undesirable  organisms,  and  favoring  the  growth  of 
desirable  organisms.  It  might  give  practical  results  bearing 
upon  the  problem  of  controlling  the  bacteria  of  the  milk  supply 
as  well  as  upon  problems  connected  with  cream  ripening.  The 
lack  of  knowledge  in  regard  to  the  real  growth  of  bacteria  in 
milk  and  cream  under  normal  conditions  is  doubtless  one  rea- 
son why  we  have  hitherto  not  been  able  to  solve  successfully 
the  problem  of  artificial  cream  ripening. 

3.  The  healthfulness  of  milk  is  very  closely  associated  with 
the  problem  of  the  growth  of  bacteria.  It  is  a  general  belief 
that  a  warm  summer  temperature  renders  milk  a  dangerous 
article  of  food,  especially  for  children,  and  that  this  is  because 
the  warm  temperature  stimulates  the  growth  of  bacteria.  It 
has  been  consequently  assumed,  without  any  proof  for  the 
assumption,  that  the  wholesomeness  of  milk  can  be  determined 
by  the  number  of  bacteria  which  are  present.  But  there  are, 
however,  rapidly  increasing  reasons  for  believing  that  this  does 
not  express  the  whole  case.  It  is  not  simply  the  number  of 
bacteria  in  milk  which  is  concerned  in  the  wholesomeness  of 
the  milk.  Milk  containing  large  numbers  of  bacteria  has 
been  found  to  be  healthful;  and  it  is  quite  certain  that  milk 
might  contain  only  small  numbers  of   bacteria  but  would  be 
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decidedl)'  injurious  if  these  small  numbers  were  pathogenic 
types.  We  have  shown  in  previous  work*  that  in  cream  which 
is  a  few  hours  old  the  large  proportion  of  the  bacteria  present 
are  lactic  organisms,  so  large  a  proportion  that  the  lactic  bac- 
teria are  sometimes  regarded  as  the  normal  bacteria  of  milk. 
There  is  at  the  present  time  much  evidence  for  believing  that 
the  lactic  bacteria,  so  far  from  being  a  detriment  to  the  whole- 
someness  of  the  milk,  are  really  advantageous.  It  is  true  that 
the}'  cause  the  milk  to  sour  if  they  become  too  abundant; 
but  the  acid  that  they  produce  in  milk  protects  the  milk  from 
other  fermentations  which  are  probably  more  injurious.  It  is 
ver}^  probable  that  putrefactive  changes  which  take  place  in 
milk  if  the  lactic  organisms  are  not  present  are  more  injuri- 
ous to  health  than  the  development  of  lactic  acid.  Lactic 
acid  in  itself  is  not  injurious  in  small  quantities,  and  there  is 
no  reason  for  believing  that  the  presence  of  lactic  bacteria  in 
milk,  even  in  considerable  numbers,  will,  to  any  appreciable 
extent,  detract  from  the  healthfulness  of  the  milk.  On  the 
other  hand,  there  is  good  reason  for  believing  that  the  putre- 
factive changes  in  milk  which  other  types  of  bacteria  produce, 
if  they  have  an  opportunity  of  developing  therein,  will  be  quite 
likely  to  result  in  intestinal  disturbances.  It  is  at  least  a  prob- 
ability that  much  of  the  diarrhoeal  disturbance  in  children  is 
due  to  the  putrefactive  fermentation  of  milk,  and  it  is  almost 
certain  that  these  are  not  due  primarily  to  lactic  bacteria. 
Indeed,  it  has  been  shown  by  Bienstockf  that  the  lactic  bac- 
teria are  probably  useful  in  the  intestine.  If  they  are  absent 
from  the  intestines  of  animals  the  intestinal  contents  are  quite 
sure  to  undergo  an  offensive  putrefactive  fermentation,  while 
the  presence  of  either  lactic  bacteria  or  the  common  B.  coli 
prevents  the  putrefactive  condition  of  intestinal  digestion. 
These  experiments  of  Bienstock  have  not  as  yet  been  con- 
firmed, but  they  are  quite  in  accordance  with  the  general  con- 
clusion which  has  been  reached  by  several  observers,  that  the 
presence  of  lactic  organisms  in  milk  prevents  putrefactive  fer- 
mentation, and  that  these  bacteria  should  therefore  be  looked 
upon  as  a  protection  to  the  milk  from  the  standpoint  of  its 
wholesomeness,  rather  than  as  injurious  in  their  action. 


*Storrs  Expt.  Sta.  Rept.  1900. 
t  An.  d.  1.  Inst.  Past.  XIV.  p.  750. 


1 6  STORRS  AGRICULTURAL  EXPKRIMKNT  STATION. 

If  these  facts  are  true  it  follows  that  the  study  of  the  develop- 
ment of  the  species  of  bacteria  in  milk  is  a  matter  likely  to  be 
of  great  importance  in  giving  data  for  determining  the  whole- 
someness  of  milk,  and  any  facts  which  can  be  given  bearing 
upon  this  general  subject  will  be  contributions  toward  the  solu- 
tion of  problems  connected  with  the  use  of  milk. 

The  reason  that  such  studies  have  not  been  hitherto  carried 
out  is  doubtless  chiefly  the  difficulty  of  the  study.  To  make 
a  quantitative  test  of  bacteria  in  milk  is  very  eas5%  but  to 
determine  what  species  are  present  is  much  more  difficult  and 
requires  a  long  study  of  each  individual  sample;  and  to  deter- 
mine the  percentage  of  each  species  present  in  the  whole  sample 
of  milk  has  been  hitherto  practically  an  impossibility.  The 
only  method  that  can  be  used  is  that  of  making  ordinary  bac- 
teriological plates  and  then  carefully  counting  colonies  on  the 
plates.  It  is  well  known  to  all  bacteriologists  that,  whereas  it 
is  possible  by  study  of  such  plates  to  differentiate  certain  species 
of  bacteria  from  each  other,  a  complete  differentiation  is  quite 
impossible.  Many  species  of  bacteria  produce  colonies  upon 
gelatin  plates  which  are  so  closely  alike  that  they  cannot  be 
distinguished,  and  thus  it  is  quite  impossible  to  determine  what 
proportion  of  all  bacteria  present  may  belong  to  one  species  and 
what  proportion  to  another.  The  difficulties  of  such  a  line  of 
study  have  been  so  great  that  it  has  never  been  followed  be- 
yond the  differentiation  of  a  few  simple  characteristic  types. 
De  Freudenreich,  Russell  and  Winzirl,  and  Harrison,  have 
studied  the  proportion  of  lactic  bacteria  in  cheese,  and  Jensen* 
has  in  a  similar  way  made  estimations  of  the  number  of  a  few 
species  of  organisms  present  in  butter.  But  beyond  some  slight 
differentiation  of  a  few  characteristic  forms,  no  work  of  this 
kind  has  hitherto  been  attempted. 

In  the  laboratory  at  Wesley  an  Universit}^  there  has  been 
developed  during  the  last  three  or  four  years  a  method  of 
studying  milk  bacteria  which  enables  us  to  make  a  moderately 
satisfactory  differentiation  of  species  from  each  other.  This 
method,  which  was  devised  several  years  ago,  has  been  in 
constant  use  in  our  work,  and  the  more  it  has  been  used  the 
more  we  have  been  convinced  that  it  enables  us  to  separate 
species  from  each  other  in  a  manner  superior  to  that  in  which 

*Centbl.  f.  Bact.  u.  Par.  II.,  VIII.,  1902,  p.  11. 
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it  can  be  done  by  any  other  method  yet  described.  It  has 
required  several  years  for  us  to  learn  to  understand  the  results 
so  as  to  work  with  a  considerable  degree  of  satisfaction,  and 
even  j^et  we  are  only  able  to  get  an  approximation  toward  a 
complete  anal3'sis.  Experience,  however,  has  enabled  us  to 
distinguish  with  considerable  accurac}^  the  colonies  produced 
upon  gelatin  plates  by  all,  or  at  least  most,  of  the  more  com- 
mon milk  bacteria. 

METHOD  OF  EXPERIMENTATION. 

The  method  that  has  been  adopted  in  this  laboratory  is  based 
upon  the  use  of  a  gelatin  culture  medium  to  which  has  been 
added  a  certain  amount  of  litmus.  This  culture  medium  has 
already  been  described,  but  its  careful  preparation  is  so  impor- 
tant for  a  proper  differentiation  of  species  that  a  description  of 
the  method  of  preparing  it  is  here  given. 

Preparation  of  litmus-sugar-gelatin. — The  culture  medium 
which  we  use  is  made  as  follows: 

I.     Water,        -         -         -     500  cc. 

Peptone,  -  -  -  10  grams. 
Milk  sugar,  -  -  30  grams. 
Gelatin,  -  -  -  120  grams. 
Liebig's  extract  of  beef,      5  grams. 

The  amount  of  milk  sugar  added  is  about  3  per  cent,  of  the 
solution  finally  prepared.  The  purpose  of  this  is  to  obtain  as 
closely  as  practicable  the  conditions  in  milk.  W-e  use  Liebig's 
extract  of  beef  rather  than  the  juice  of  chopped  beef,  because 
our  experience  has  indicated  that,  for  our  purpose,  this  is  per- 
fectly satisfactory,  and  its  use  is  much  simpler,  requiring  less 
time  and  trouble. 

The  materials  are  placed  together  in  a  dish  and  dissolved  by 
heating  at  a  temperature  below  60°  C.  to  make  a  solution 
which,  as  will  be  seen,  contains  twice  the  quantity  of  the 
various  ingredients  that  is  contained  in  the  ordinary  gelatin 
culture  media.  After  the  material  has  become  thoroughly  dis- 
solved we  neutralize  the  solution  directly,  by  use  of  NaOH  solu- 
tion, testing  the  material  for  neutralization  with  litmus  rather 
than  phenolthalein.  We  use  red  and  blue  litmus  papers  made 
in  our  laboratory  and  which  are  especially  delicate,  and  we  add 
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NaOH  to  the  solution  until  the  material  is  in  the  very  faintest 
degree  alkaline.  In  other  words,  we  add  just  enough  NaOH 
to  pass  the  neutral  point,  as  shown  by  its  action  upon  red  and 
blue  litmus  papers. 

After  the  neutralization  we  add  the  white  of  an  egg  and  boil 
for  three-quarters  of  an  hour.  In  this  boiling  we  make  use  of 
a  50  per  cent,  solution  of  calcium  chloride,  which  boils  at  about 
112°  C.  Placing  the  dish  containing  the  gelatin  solution  in  a 
bath  of  this  mixture  we  can  leave  the  material  to  boil  over  a 
mioderate  gas  flame  without  danger  of  burning;  considerable 
care  is  necessary,  however,  to  regulate  the  gas  flame  so  that 
the  solution  does  not  boil  over. 

2.     Water,        -         .         -      ^oo  cc. 

Dry  litmus  (in  cubes),      48  grams. 

The  litmus  is  steeped  in  the  water  for  three  hours  or  more 
at  a  temperature  of  about  60°  C.  to  dissolve  as  much  of  the 
active  material  as  possible.     The  solution  is  then  filtered. 

After  solution  i  has  boiled  with  the  white  of  an  egg  for 
three-quarters  of  an  hour  it  is  mixed  with  the  filtered  litmus 
solution  2,  the  two  together  making  the  bulk  up  to  about  a 
liter,  and  water  is  added  if  necessary  to  replace  the  water 
v^hich  has  been  evaporated.  The  solution  is  then  warmed 
slightly,  though  not  above  60°,  in  order  to  avoid  as  much  as 
possible  the  changes  in  the  litmus  which  high  temperatures 
produce.  The  solution  is  then  filtered  through  absorbent  cot- 
ton, distributed  in  sterilized  tubes,  about  8  cc.  in  each,  and  is 
ready  for  final  sterilization,  which  is  carried  on  as  usual  by 
steaming  on  three  successive  days.  The  sterilization  always 
has  a  tendency  to  change  the  color  of  the  litmus  to  a  reddish 
brown,  but  the  blue  color  is  restored  after  the  litmus  cools  and 
stands  for  a  few  hours  in  contact  with  the  air.  When  finally 
sterilized  and  cooled  the  solution  should  be  a  deep  blue  color, 
so  that  when  poured  out  into  petri  dishes  the  color  is  quite 
strong.  We  have  found  that  the  litmus  of  commerce  is  quite 
variable  in  strength,  since  3  per  cent,  of  litmus  (30  grams) 
is  sometimes  sufficient  to  give  the  required  blue  color,  while 
in  other  cases  it  requires  40-50  grams.  We  have  found  that 
as  a  rule  48  grams  produces  as  good  a  color  as  can  be  desired, 
but  sometimes,  if  the  litmus  is  exceptionally  strong,  a  smaller 
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amount  is  preferable.  We  find  it  advantageous  to  buy  the  dry 
litmus  in  rather  large  quantities,  and  then  after  a  single  ex- 
periment has  shown  us  the  amount  of  litmus  of  the  particular 
sample  that  is  needed  to  produce  the  desired  color,  we  continue 
to  use  the  same  percentage  until  the  whole  quantity  of  litmus 
has  been  used.  A  new  sample  of  litmus  will  require  a  new 
percentage. 

This  culture  medium  is  used  exactl}^  as  ordinary  gelatin. 
The  milk  to  be  studied  is  diluted  in  sterilized  water  to  the  de- 
sired amount,  and  a  cubic  centimeter  of  the  final  dilution  is 
added  to  a  test  tube  containing  a  definite  quantity  of  the  steril- 
ized litmus  gelatin.  The  material  is  poured  into  petri  dishes, 
hardened,  and  set  aside  at  ordinary  temperature  for  develop- 
ment. In  actual  use  we  endeavor  so  to  dilute  our  milk  that 
the  plates  which  we  obtain  will  have  from  a  hundred  to  a 
thousand  colonies  each.  If  more  than  a  thousand  are  present 
on  a  plate  it  is  almost  impossible  satisfactorily  to  differentiate 
the  colonies  from  each  other  and  to  determine  their  species.  If 
less  than  a  hundred  are  present,  while  the  differentiation  of 
species  is  very  satisfactorj^,  we  do  not  think  that  the  sample 
gives  as  close  average  results  as  when  the  number  is  larger. 
A  plate  containing  two  or  three  hundred  is  the  most  satis- 
factory. It  is  of  course  not  possible  in  all  cases  to  regulate  the 
dilutions  so  that  the  plates  shall  have  the  proper  number  of 
colonies.  Only  long  experience  with  the  milk  under  conditiofis 
of  experiment  enable  us  to  determine  this  accurately,  and  as 
will  be  seen  in  the  following  experiments,  even  long  experi- 
ence is  sometimes  at  fault.  It  frequently  happens  that  two 
samples  of  milk  under  identical  conditions  show  very  great 
differences  in  the  number  of  bacteria,  and  no  rule  as  to  the 
amount  of  dilution  can  be  applied  to  the  two  samples  and  give 
the  same  results  with  certainty.  The  determination  of  the 
proper  dilution  of  the  milk  is  one  of  the  most  difficult  problems 
in  the  experiments. 

In  order  to  differentiate  the  colonies  and  determine  from  their 
study  the  species  of  bacteria  present,  it  is  necessary  that  the 
plates  should  be  allowed  to  grow  several  days  before  examina- 
tion. The  study  of  the  plates  when  they  are  two  days  old  will 
enable  one  readily  enough  to  count  the  number  of  bacteria,  but 
not  properly  to  differentiate  the  species.     The  same  plate  when 
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four  or  five  days  old  shows  a  differentiation  which  is  clear  and 
sharp,  so  that  it  is  possible  to  determine,  not  only  the  total 
number,  but  approximately  the  number  of  each  kind  of  bac- 
teria. Plates  that  are  older  than  these  are  even  more  useful, 
because  the  colonies  become  more  and  more  distinct  in  their 
characteristics  the  older  they  grow. 

This  necessity  of  keeping  the  plates  until  they  are  several 
days  old  introduces  the  most  serious  fault  of  our  method  of 
study.  The  presence  of  liquefying  bacteria  is  sometimes  quite 
fatal  to  the  success  of  an  experiment.  If  a  sample  of  milk 
chances  to  contain  a  considerable  number  of  liquefiers,  or  even 
a  small  number  of  certain  species  of  rapid  liquefiers,  the  gelatin 
of  the  plate  may  be  completely  liquefied  before  the  colonies 
have  grown  large  enough  to  be  differentiated.  Under  these 
conditions  the  experiment  becomes  a  blank,  and  this  difficulty 
of  the  liquefying  bacteria  very  seriously  interferes  with  the 
complete  success  of  the  method. 

We  have  tried  to  meet  the  difficulty  in  several  ways.  We 
have  tried  to  use  agar  instead  of  gelatin,  but  this  is  quite 
unsatisfactory  inasmuch  as  the  colonies  are  not  differentiated 
on  the  agar  as  they  are  on  the  gelatin,  and  it  is  quite  impossible 
to  separate  the  species  from  each  other  on  the  former  as  they 
can  be  done  on  the  latter.  We  have  made  a  culture  medium 
of  agar  and  gelatin  mixed;  but  while  this  makes  possible  a 
satisfactory  differentiation,  it  does  not  so  check  the  liquefaction 
as  to  be  an  improvement  over  pure  gelatin.  We  have  tried  to 
put  into  each  liquefying  colony,  as  soon  as  it  appears,  a  drop  of 
a  weak  solution  of  formaldehyde  to  stop  the  growth  of  the  bac- 
teria, but  this  is  futile,  for  the  enzymes  which  have  been  pro- 
duced continue  to  spread,  and  the  liquefaction  goes  on  as  if  the 
formaldehyde  had  not  been  added.  Indeed,  we  have  as  yet 
been  unable  to  meet  this  difficulty  and  as  a  result  it  happens 
occasionally,  as  will  be  seen  on  the  following  pages,  that  an 
experiment  is  quite  blank  because  of  the  rapid  growth  of  lique- 
fiers, while  in  other  cases  the  presence  of  liquefiers  increases 
the  number  of  colonies  which  are  classed  as  undetermined. 

DIFFERENTIATION  OF  SPECIES. 

Milk  to  be  studied  is  diluted  by  sterile  water  to  an  amount 
which  previous  experience  has  shown  to  be  most  likely  to  be 
useful.     In  the  study  of  fresh  milk  as  obtained  from  the  milk 
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dealer,  a  dilution  of  one  hundred  to  six  hundred  is  commonly 
most  satisfactor}-,  but  in  warm  weather  this  is  too  slight  a  dilu- 
tion; and  in  the  case  of  milk  that  has  been  obtained  under 
uncleanh^  conditions  a  larger  dilution  is  necessary.  Milk 
which  has  been  kept  for  one  to  two  days  in  the  laboratory 
requires,  of  course,  higher  dilutions;  the  oldest  milk  samples 
which  we  have  studied  required  a  dilution  of  1-250,000  or  even 
more.  These  high  dilutions  make  it  impossible  to  detect  the 
presence  of  bacteria  which  are  present  in  old  milk  in  verj-  small 
numbers  onl}-. 

After  dilution,  a  series  of  plates  is  made  from  each  sample  of 
milk  and  allowed  to  develop  at  ordinar}^  room  temperature  for 
three  or  four  days  before  an  examination  is  made.  The  plates 
are  then  carefully  studied  for  a  differentiation  of  colonies.  A 
partial  differentiation  is  extremel}'  simple  and  quite  accurate. 
xVn  examination  of  the  plates  after  three  or  four  days'  growth 
enables  one  at  a  glance  to  differentiate  the  liquefying  bacteria 
from  the  non-liquef3'ing,  and  those  which  produce  an  acid  re- 
action from  those  which  produce  an  alkaline  reaction  or  no 
reaction  at  all.  It  is  also  possible  to  differentiate  the  liquefiers 
readily  into  those  which  liquefy  rapidly  and  those  which  liquefy 
slowly.  A  differentiation  thus  into  four  types,  viz.,  into  those 
producing  an  acid  or  an  alkaline  reaction  and  into  rapid  and 
slow  liquefiers  is  extremel}'  easy,  very  accurate,  and  can  be 
made  at  a  glance. 

A  further  differentiation  requires  more  careful  study.  We 
have,  however,  learned  to  separate  about  thirty  species  from 
each  other  by  a  study  of  their  colonies  in  this  litmus  gelatin. 
For  example,  we  have  found  that  the  most  common  organisms 
in  milk  which  is  a  few^  hours  old  are  three  types  of  acid  bacteria 
easily  separated  upon  our  litmus  gelatin  plates  as  follows: 

1.  B.  acidi  lacHci  (Esten)  is,  in  this  locality  at  least,  the 
most  common  organism  in  milk.  It  produces  a  small,  dense, 
intensely  acid  colony,  growing  only  under  the  surface  of  the 
litmus  gelatin,  and  showing  after  growing  for  about  four  days 
slight  irregularities  or  spines  on  the  edges.  It  is  very  easily 
distinguished. 

2.  B.  acidi  ladici  II.  (Conn)  is  also  very  common  but  not 
so  abundant  as  the  first.  It  produces  an  extremely  minute 
transparent  colonj^,  hardl}^  visible  even  with  the  lens,  and  quite 
invisible  with  the  naked  eye. 
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3.  B .  lactici  aerogenes  is  also  v&xy  frequently  present,  though 
rarely  in  numbers  as  great  as  those  of  the  first  two  species 
mentioned.  It  produces  a  large,  intensely  acid  colon}^,  com- 
monly growing  on  the  surface,  and  forming  frequently  a 
thick,  white  bead,  which  occasionally  develops  a  bubble  of  gas. 
Whether  these  colonies  can  be  differentiated  from  those  of  B. 
coll  commiinis  we  have  not  3'et  ascertained.  The  two  organisms 
produce  colonies  very  similar  to  each  other,  and  while  in  some 
cases  we  believe  that  we  can  separate  the  two  b}^  the  appear- 
ance of  their  colonies,  we  are  not  yet  sure  of  this  differentia- 
tion. In  our  tables,  therefore,  the  column  which  is  headed 
"i?.  aerogenes^''  includes^,  aerogenes  and  ^.  coli  comviunis,  if 
the  latter  is  present,  no  attempt  being  made  in  these  tables  to 
differentiate  the  two. 

4.  Next  to  the  acid  bacteria  the  most  common  organism  is 
a  type  which  produces  no  change  in  the  action  of  the  litmus, 
but  develops  a  small,  opaque  colonj^  quite  easil}^  recognized. 
It  produces  a  slightl}^  alkaline  reaction  which  sometimes  neu- 
tralizes the  acid  of  neighboring  lactic  colonies.  This  organism, 
which  in  the  tables  is  called  a  streptococcus,  is  found  in  nearly 
every  sample  of  milk,  and  evidence  given  elsewhere  has  indi- 
cated that  it  is  present  in  the  udder  of  the  cow%  so  that  the  milk 
ducts  ma3^  be  regarded  as  at  least  one  of  its  sources.  It  does 
not  represent  a  single  species  of  bacteria  but  rather  a  group  of 
allied  forms.  We  have  found  that  among  the  organisms  tabu- 
lated under  this  name  their  are  several  species,  all  agreeing  in 
producing  no  noticeable  action  on  the  litmus  gelatin  or  in  milk. 
Some  are  streptococci  and  others  are  short  bacilli.  Since  the 
different  species  cannot  be  readil}'-  differentiated  upon  our  plates 
we  group  them  of  necessity  under  one  head,  designated  the 
streptococcus  group. 

5.  We  have  divided  the  liquefying  bacteria  into  two  groups. 
The  first,  called  7'apid  liqicefiers ,  liquefy  the  gelatin  very  rapidly; 
while  the  second,  called  sloiv  liqiiefiers,  require  several  days  to 
produce  liquefaction,  and  even  on  the  older  plates  the  colonies 
are  small,  never  extending  over  the  plate.  A  further  differen- 
tiation is  doubtless  possible  but  it  has  not  as  yet  been  attemped. 

6.  Sarcuia  lutea  proves  to  be  almost  uniformly  present  in 
our  milk.  It  is  easily  distinguished  from  other  colonies  by  its 
yellow  color,  which  reddens  the  litmus  around  it.  All  yclloiv 
acid  colonies  have  proved  to  be  this  species. 
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In  addition  to  these  common  forms  there  are  some  twentj'  or 
more  other  species  of  bacteria  which  are  found  ver}^  frequently 
ill  milk  in  this  vicinit}'.  Most  of  these  t3'pes  are  easih-  sepa- 
rated from  each  other  b}^  the  stud}'  of  their  colonies  in  gelatin. 
Some  of  them  produce  pigments,  some  of  them  produce  colo- 
nies of  peculiar  shapes,  and  in  regard  to  others  there  are  char- 
acters which  enable  us  to  recognize  the  species  by  the  study  of 
the  colon3^  These  different  species  are  included  in  the  follow- 
ing tables  in  appropriate  columns,  and  on  later  pages  will  be 
given  further  descriptions  as  to  the  method  by  which  the  more 
important  colonies  are  distinguished  in  gelatin. 

We  recognize  that  the  differentiation  thus  obtained  is  never 
exact  and  that  there  is  always  a  considerable  possibility  of 
error.  It  is  not  possible  with  certaint}^  to  separate  B.  aei^o- 
genes  and  B.  coli;  it  is  quite  certain  that  the  Streptococcus  group 
consists  of  more  than  one  kind  of  bacteria,  and  the  liqueiiers 
are  certainly  several  species.  It  is  probable  in  regard  to  the 
other  types  also  that  errors  occur  and  that  sometimes  different 
species  of  bacteria  produce  colonies  so  much  alike  that  they  are 
not  differentiated  in  our  tables.  Moreover,  in  cases  where 
liquefiers  are  abundant  it  is  sometimes  necessary  to  study  the 
plates  before  the  colonies  are  grown'  sufficiently  for  proper 
differentiation.  At  best,  therefore,  the  differentiation  which 
is  given  in  the  tables  must  be  recognized  as  onl}'  approximate. 
We  are  convinced,  however,  that  the  error  is  not  very  great 
and  that  the  numbers  which  are  given  in  the  tables  herewith 
ma}^  be  taken  as  expressing  an  approximation  to  the  actual 
number  of  the  species  present  in  the  milk.  At  all  events, 
while  recognizing  the  possible  errors  of  this  method  it  seems 
to  us  that  the  results  obtained  are  considerably  in  advance  of 
those  hitherto  obtained  in  the  studj^  of  bacteria  in  milk.  They 
give  much  new  information  and  are  therefore  likely  to  be  use- 
ful in  the  solution  of  various  problems  even  though  not  strictly 
accurate. 

CALCULATION   OF    RESULTS. 

A  little  explanation  is  necessary  as  to  the  method  of  calcu- 
lating results.  The  plates  have  been  allowed  to  grow  three  or 
four  days,  and  then  studied  as  follows:  The  total  number  of 
colonies  is  counted.     The  number  of  colonies  of  each  clearly 
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distinguishable  type  is  carefully  counted  by  the  use  of  a  lens, 
provided  the  total  number  of  colonies  on  the  plate  is  not  too 
great.  Where  the  number  of  colonies  on  the  plate  is  only 
three  to  four  hundred  it  is  quite  easy  to  calculate  the  number 
of  each  type  accuratel3^  It  is  usualh^  found  that  when  the 
numbers  of  all  of  the  different  species  distinguished  are  added 
together  they  do  not  produce  a  total  equal  to  the  whole  num- 
ber of  bacteria  that  may  be  found  by  counting  all  the  colonies. 
There  have  been  left,  in  most  experiments,  a  certain  number 
of  colonies  which  have  not  been  recognized  as  belonging  to 
any  of  the  differentiated  types;  these  have  been  included  in 
the  tables  in  the  column  headed  "undetermined."  The  bac- 
teria included  in  this  column  are  probably  in  most  cases  the 
same  species  as  those  that  are  classified  under  the  other  col- 
umns, but  colonies  which  have  not  developed  sufficiently  for  a 
sharp  differentiation.  In  plates  which  it  has  been  necessary 
to  study  when  only  two  days  old  the  number  present  in  the 
column  of  undetermined  is  greater  than  it  is  in  the  older  plates, 
for  this  reason. 

Where  study  is  made  of  milk  that  is  somewhat  older  and 
the  number  of  bacteria  consequently  considerably  larger,  the 
method  of  calculating  results  is  slightly  different,  due  to  the 
vast  preponderance  of  one  species,  B.  acidi  ladici.  The  dilu- 
tions which  have  been  used  in  old  milk  and  cream  have  been 
VQxy  much  greater  than  those  in  the  fresh  milk  (sometimes 
250,000);  nevertheless  the  number  of  colonies  on  each  plate 
is  always  greater.  In  the  study  of  these  plates  we  have  first 
calculated  the  total  number  of  colonies  that  can  be  counted. 
Then  each  plate  is  carefully  studied  with  a  lens  and  a  micro- 
scope, and  every  colony  on  a  plate  which  is  different  from  the 
B.  acidi  ladici  colony  is  counted  and  tabulated.  A  careful 
study  thus  enables  us  to  determine,  with  close  accuracy,  every 
colony  that  does  not  belong  to  the  typical  No.  206.  It  has 
then  been  assumed  that  the  rest  of  the  colonies  belong  to  this 
species,  and  their  number  determined  by  calculation.  The 
number  thus  determined  is  quite  probably  somewhat  too  high 
in  every  case,  since  it  is  almost  certain  that  some  of  the  col- 
onies of  the  miscellaneous  bacteria  escape  observation  and 
would  be  included  in  the  column  of  No.  206.  We  are  con- 
vinced, however,  that  this  error  is  not  very  great,  inasmuch  as 
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this  particular  organism  is  very  readily  differentiated  and  the 
chance  of  error  is  thus  greath'^  reduced.  It  is  onlj^  in  the 
older  samples  of  milk  that  this  method  has  been  adopted,  and 
was  not  used  in  an}'  of  the  tables  given  below  except  Tables  i 
and  2,  since  the  milk  was  fresh  and  the  differentiation  of  each 
type  of  colon}'  could  be  made  directly. 

The  topics  which  have  been  studied  at  the  Station  by  the 
method  here  outlined  during  the  last  year  have  divided  them- 
selves into  several  distinct  problems.  Some  of  them  have  been 
worked  out  in  the  laborator}^  at  Wesleyan  Universit}^,  and  others 
in  the  newly  equipped  bacteriological  laborator}?^  at  Storrs. 

I.       THE  COMPARATIVE  GROWTH  OF  DIFFERENT  SPECIES  OF 

BACTERIA  IN  MILK  KEPT  AT  A  TEMPERATURE 

OF  20  DEGREES  CENTIGRADE. 

The  first  series  of  experiments  to  be  described  were  carried 
on  with  milk  preserved  at  ordinary  room  temperatures.  In 
order  to  determine  the  effect  of  different  conditions  upon  the 
growth  of  bacteria  in  milk,  it  is  necessary  to  have  a  knowledge 
of  their  normal  growth  under  ordinary  conditions.  For  this 
purpose  it  was  thought  best  to  study  with  considerable  detail  a 
number  of  samples  of  milk  preserved  at  an  ordinary  room  tem- 
perature, and  this  series  of  experiments  will  be  described  first, 
although  not  actually  the  first  to  be  carried  out. 

It  will  be  seen  by  the  tables  that  follow  that  the  study  of 
this  milk  did  not  extend  beyond  the  first  twenty-four  hours. 
The  reason  for  this  is  as  follows:  So  far  as  concerns  the  bac- 
teriological study  of  normal  market  milk  the  first  twenty-four 
hours  are  of  special  significance.  It  is  true  that  sometimes  milk 
of  our  cities  is  considerably  older  than  this  by  the  time  it  is  dis- 
tributed to  the  customers,  but  when  that  is  the  case  the  milk 
has  been  kept  at  a  low  temperature,  which  as  will  be  seen  later 
modifies  the  problem.  The  milk  which  is  furnished  the  cus- 
tomers of  our  cities  is  never  supposed  to  be  sour,  or  even  upon 
the  verge  of  souring;  but  our  own  experience  has  shown  that 
after  twenty-four  hours  at  a  temperature  of  20°  C. ,  the  milk 
begins  to  become  strongly  acid  and  before  many  hours  is  likely 
to  curdle.  It  has  appeared  to  us  therefore,  that  the  study  of 
the   growth   of    bacteria   during   the   first   twent^'-four  hours, 
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while  the  bacteria  were  fewer  than  10,000,000  per  cubic  centi- 
meter, was  of  more  significance  than  the  stud  5^  of  the  same 
problem  in  later  hours.  Moreover,  in  a  previously  published 
work'''  we  have  shown  that,  in  cream,  in  the  later  hours  the 
development  of  the  bacteria  is  always  of  the  same  general  char- 
acter. It  has  been  there  shown  that  the  development  of  the 
bacteria  in  the  period  of  ripening  always  results  in  the  disap- 
pearance of  most  of  the  miscellaneous  bacteria  and  the  exces- 
sive multiplication  of  two  or  three  species  of  lactic  bacteria. 
In  some  of  the  experiments  reported  later  in  the  present  article 
it  will  be  seen  that  these  same  facts  were  demonstrated  to  be 
true  of  milk  which  had  been  kept  more  than  twenty-four 
hours.  The  first  twenty-four  hours,  therefore,  are  those  in 
which  the  numerous  species  of  bacteria  in  milk  may  be  ex- 
pected to  develop  or  decline.  These  considerations  together 
have  convinced  us  that  the  most  useful  foundation  for  a  study 
of  the  growth  of  different  species  of  bacteria  in  milk  is  the 
careful  analysis  of  the  development  of  bacteria  during  the  iirst 
twenty-four  hours.  In  this  series  of  experiments,  therefore, 
the  analyses  extended  over  a  period  of  only  about  twenty- 
hours,  the  tests  being  made  at  intervals  of  about  six  hours, 
with  slight  variations  to  suit  convenience. 

The  results  obtained  in  the  experiments  are  given  in  the 
tables  on  the  following  pages.  There  are  two  tables  for  each 
experiment,  which  may  be  explained  as  follows: 

In  the  first  table  the  first  column  gives  the  number  of  hours 
after  milking  at  which  the  different  sets  of  plates  were  made. 
The  second  column  gives  in  round  numbers  the  total  number 
of  bacteria  per  cubic  centimeter  in  the  milk  at  the  different 
periods.  Each  succeeding  column  gives  the  number  of  a  par- 
ticular species  or  group  of  bacteria  capable  of  differentiation 
upon  the  litmus  gelatin  plates.  A  dash  inserted  in  the  column 
indicates  that  none  of  the  colonies  of  that  species  were  dis- 
covered on  the  plates;  an  interrogation  point  signifies  that  the 
number  of  bacteria  was  so  small  as  not  to  be  included  in  the 
count,  although  not  entirely  absent  from  the  sample  of  milk. 

In  any  period  the  sum  of  the  numbers  given  in  the  dift'erent 
columns  should  in  reality  be  equal  to  the  total  number  given  in 
the  second  column;  as  a  matter  of  fact,  however,  discrepancies 

*  Storrs  Expt.  Sla.  Kept.,  1900. 
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are  common,  for  the  reason  that  in  all  the  columns  the  numbers 
are  not  exact  but  only  approximate  and,  except  when  very 
small,  are  given  to  the  nearest  tens,  hundreds,  or  thousands, 
as  the  case  may  be. 

In  the  second  table  the  figures  in  the  different  columns  show 
what  proportion  the  numbers  of  bacteria  of  the  various  species 
formed  of  the  total  number  of  bacteria  present.  These  per- 
centages are  calculated  not  from  the  approximate  numbers 
given  in  the  first  table,  but  from  the  numbers  actually  found. 
They  therefore  vary  slightly,  in  some  of  the  columns,  from 
the  percentages  that  would  be  calculated  from  the  first  table 
because  of  the  fact  explained  above  that  the  figures  in  the  first 
table  are  given  only  in  round  numbers. 

It  appeared  to  us  that  the  figures  in  the  second  table  are 
fully  as  significant  as  those  in  the  first,  since  the  percentages 
alone  show  the  development  of  the  different  bacteria  as  com- 
pared with  each  other.  If,  for  example,  a  given  species  of 
micro-organism  should  remain  in  the  milk  during  the  v^^hole 
period  of  experimenting,  with  only  a  slight  increase  in  num- 
bers, the  first  table  would  always  show  an  increase  during  the 
period  of  experiment;  the  second  table  would,  however,  show  a 
constant  decline,  meaning  of  course  that  the  percentage  of  the 
species  in  question  was  becoming  constantly  less  as  the  other 
bacteria  were  increasing  during  the  experiment.  On  the  other 
hand,  a  species  that  showed  a  constantly  increasing  percentage 
would  be  one  which  would  of  necessity  have  an  important  influ- 
ence upon  the  milk. 

In  the  tables  which  are  here  given  the  bacteria  tabulated  in 
the  first  eight  columns  are  those  which  we  have  found  present 
with  a  very  considerable  degree  of  constancy  in  all  samples  of 
milk.  The  species  in  question  maj^  be  briefly  mentioned  as 
follows: 

B.  acidi  ladici.  This  is  the  species  described  by  Esten  in  a 
previous  report.*  It  has  been  found  by  many  bacteriologists 
and  is  widely  distributed  in  this  country.  It  is  apparently 
identical  with  B.  acidi  paraladici  described  by  Kozaif  as  the 
most  common  lactic  organism  in  Europe.  It  is  the  species 
which  we  find  with  the  greatest  uniformity  in  milk,  and  the 


*  Storrs  Expt.  Sta.  Rept.  1S96,  p.  44. 
t  Ztschr.  f.  Hyg.  XXXVIII.  3S6,  1901. 
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one  which  is  present  frequentl}'  to  the  extent  of  more  than  90 
per  cent,  in  ripened  cream.  The  source  of  this  organism  has 
been  shown  by  Burr^  to  be  commonly  outside  of  the  cow,  and 
probably  the  dirt  and  dust  in  the  air  of  the  stable.  It  is 
present,  as  ma}^  be  seen  in  all  the  following  tables,  in  small 
numbers  in  fresh  milk,  and  then  with  almost  absolute  uni- 
formity it  increases  in  numbers  and  percentage  until  the  end 
of  the  experiments. 

B.  acidi  ladici  II.  This  is  a  species  which  we  have  found 
quite  common  in  this  region,  though  less  common  than  the 
previous.  In  many  respects  it  resembles  the  preceding  organ- 
ism and  may  possibly  be  a  variety  of  the  same.  We  have 
found  that  in  most  cases  it  is  not  observable  in  the  samples  of 
fresh  milk  but  makes  its  appearance  in  the  later  stages  of 
souring. 

B.  lactis  aerogenes.  As  indicated  above,  the  organisms  in- 
cluded under  this  title  in  the  tables  may  be  not  only  B.  aei^o- 
genes  but  also  B.  coli,  should  it  chance  to  be  present,  inasmuch 
as  these  species  are  not  readil}''  differentiated  upon  the  gelatin 
plates.  We  are  convinced  b}^  the  study  of  large  numbers  of 
colonies,  however,  that  in  the  vast  majority^  of  cases  the  organ- 
isms tabulated  here  are  B.  aerogenes,  and  only  a  comparatively 
small  proportion  consist  of  B.  coli. 

The  Streptococcus  w^e  have  found  with  absolute  uniformity  in 
all  samples  of  milk  which  we  have  studied.  It  is  usuall}^  verj^ 
abundant,  though  sometimes  in  small  numbers  only.  It  ap- 
parentl}^  comes  in  man}'  cases  from  the  udder  of  the  cow.  Its 
colony  on  the  litmus  gelatin  has  already'  been  described. 

Sarcina  lutea  is  found  almost  universall}''  in  samples  which 
we  have  studied.  We  have  also  found  a  Sarcina  which  in  the 
early  stages  appears  to  be  different  from  it,  but  later  develops 
into  a  somewhat  similar  colony;  this  we  have  tabulated  as  Sar- 
cina II.,  regarding  it  as  a  different  species  from  the  first. 

The  column  headed  rapid  liquefiers  is  made  up  of  probabl}' 
two  and  possibly  three  species.  These  are  bacteria  \vhicli  grow 
with  extraordinary  rapidity,  and  occasionally  may  completel}' 
liquefy  a  gelatin  plate  in  the  course  of  twent3'-four  hours  and 

*StorrsExpt.  Sta.  Kept.  1900,  p.  66. 
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utterh'  ruin  the  experiment.  Fortunately,  they  are  not  very 
abundant,  and  while  they  have  frequently  rendered  the  exami- 
nation impossible,  the}'  have  not  seriously  interfered  with  the 
value  of  the  experiments.  There  are,  as  stated,  possibly  three 
species  which  differ  somewhat  in  the  rapidity  of  their  growth. 

The  column  headed  slozu  liquefiers  consists  of  a  large  number 
of  species  which  we  have  as  yet  made  no  attempt  to  differentiate 
in  these  experiments.  They  can  be  quite  readily  differentiated 
on  the  gelatin  plates  because  the  colonies  are  very  different 
from  each  other,  but  in  our  previous  work  we  have  not  made 
an)^  attempt  to  do  it. 

The  bacteria  tabulated  in  the  other  columns  in  the  tables  are 
species  which  are  present  in  smaller  numbers  and  with  greater 
irregularity.  These  organisms  may  perhaps  be  regarded  as 
normal  to  milk,  but  they  are  by  no  means  constant  and  each 
sample  of  milk  differs  from  the  other  chiefly  in  the  variety  and 
the  number  of  these  miscellaneous  types  of  bacteria.  Some  of 
them  are  more  commonly  found  than  others,  but  none  of  them 
appear  with  much  constanc}'  and,  as  will  be  seen  b}'  the  ex- 
amination of  the  following  tables,  rarel}^  do  they  develop  in  the 
milk  in  such  a  wa}'  as  to  suggest  that  they  are  of  any  consider- 
able importance.  Some  of  them  appear  to  be  quite  incapable 
of  adapting  themselves  to  the  conditions  and  fail  to  grow;  others 
multipl}^  slowl}^  but  even  to  the  end  of  the  experiments  are 
only  present  in  small  numbers;  they  are,  therefore,  of  far  less 
significance  in  the  milk  than  the  bacteria  in  the  first  eight 
columns. 

No  attempt  will  be  made  at  this  place  to  describe  the  species 
which  are  thus  tabulated.  Some  of  them  have  already  been 
described  in  the  "Classification  of  Dairy  Bacteria,"  given  in  a 
previous  publication  of  the  Station;*  others  are  being  now,  or 
have  been,  worked  out  in  our  laborator}-,  and  will  be  described 
in  a  revised  edition  of  this  classification  which  will  be  pub- 
lished at  some  future  time.  For  the  purpose  of  the  experi- 
ments here  given  it  is  quite  unnecessary  to  describe  the 
character  of  the  different  species;  they  may  be  referred  to 
simply  by  number  or  by  letter,  with  the  understanding  that  in 
other  publications  the  characters  of  the  species  are  or  will  be 
given  in  detail. 

*  Storrs  Expt.  Sta.  Rept.,  1S99,  pp.  13-6S. 


30 


STORES  AGRICULTURAL  EXPERIMENT  STATION. 


1^ 


■«^ 


■^  o 


^ 

^ 

< 

to 

2^ 

s 

"ii 

IS 

^ 

^ 

^ 

-^ 

V 

^5 


^ 
K 


o 

o 

o 

o 

o 

■psutra 

o 

o 

C3 

o 

o 

(X> 

CO 

O 

-jsiapun 

HH 

OJ 

CO 

CO 
CO 

o 

o 

o 

o 

M 

tJ 

•ozz  -OM 

•* 

■* 

o 

r^- 

o 

o 

•6iz  -oj^ 

vn 

CO 

o-. 

o-- 

n-- 

n 

o 

n 

o 

■liz  •o^si 

o 

00 

u 

CO 

u 
o 

CO 

f^. 

o 

o 

o 

(-, 

O 

•SJCsganbxx 

c<-) 

o 

o 

'^ 

AiOIS 

CO 

o 

O 

■  u 

o 

o 

o 

•sjagsiibti 

^ 

^ 

o 

pidB-g 

vn 

CO 

o 

n 

O 

f, 

n 

o 

o 

o 

o 

•II  BnpjBS 

o 

o 

00 

o 

CO 

o 

HI 

o 

r> 

o 

o 

^ 

o 

o 

C) 

u 

o 

'I  BnpjBS 

IN 

o 

o 

CO 

" 

H-l 

CO 

o 

o 

n 

^ 

O 

o 

() 

C) 

o 

o 

•snD0ODo;d3J[;S 

^ 
o 

00 

o 

o 

o 

CO 

o 

^ 

o 

CO 

O 

1—1 

o 

r^ 

(J 

o 

•ssuaSo-iSB  -g; 

(^. 

0-. 

o-. 

o 

CO 

11  pt;obi 

1 

1 

1 

.  1 

1 

ippB  a 

' 

o 

n 

O 

n 

o 

C3 

o 

f) 

() 

O 

"I  XOllDBI 

CO 

c<-i 

M 

o 

o 

ippB  a 

N 

o 

00 

CO 

o 

o 

o 

o 

o 

o 

() 

<.> 

() 

tJ 

•BUSPBq  JO 

o 

o 

o 

o 

o 

jsqnjnn  iB^ox 

o 

0) 

o 

o 

•* 

c^ 

N 

•" 

vO 

^ 

3 

O 

X 

M 

o 

V 

W) 

„ 

^ 

„ 

„ 

<; 

c^ 

vO 

-+ 

CO 

-i- 

h-( 

CM 

f) 

O      O     CO    vO      CO 

CO        U-l        M  N  W 


^ 

r^ 

-s^ 

CO 

1 

' 

1 

r^ 

CO 

,n 

r^ 

>s. 

M 

C<l 

' 

o 

•* 

00 

00 

in 

■as. 

M 

(N 

o 

i_ 

r-^ 

CO 

^ 

CO 

04 

'^ 


^ 


^ 

3 

•«& 

o 

CO 

CO 

•* 

O 
-* 

r^ 

s^ 

.8 

^ 

o 
•* 

00 

in 

CO 

< 

CO 

in 

o 

t~- 

in 

H 

^ 

o 

CO 

vO 

^       1          1          1          1          1 

o 

O 

CO 

O 

O 

-^ 

M 

C7N 

^ 

CO 

„ 

vO 

O     O      -*    CO 


M  M  C^ 


GROWTH  OF  BACTERIA  IN  NORMAL  MILK.         3 1 

Experi7ne7it  No.  i.  N'ovember.  —  The  milk  in  this  and  all 
other  experiments  of  this  section  was  taken  from  a  single  cow 
at  the  barn  of  the  Connecticut  Industrial  School  for  Girls  in 
the  vicinity  of  Middletown.  It  was  taken  at  once  to  the  lab- 
oratorj'  and  the  first  set  of  plates  made  from  it  while  the  milk 
was  still  warm;  it  was  then  kept  at  20°  C.  and  other  plates 
were  made  at  intervals  of  about  six  hours  until  the  milk  was 
twenty-four  hours  old.  The  results  are  shown  in  Tables  r 
and  2  on  page  30. 


The  study  of  the  figures  given  in  these  tables  shows  the  fol- 
lowing salient  facts: 

1.  During  the  first  six  hours  there  was  no  change  in  the 
number  of  bacteria  in  the  milk  and  practically  no  change  in 
the  varieties  found.  The  slight  differences  in  numbers  and 
percentages  given  in  the  table  are  possibly  only  errors  in  the 
method,  although  they  may  indicate  an  actual  change  in  the 
relative  number  of  the  different  species  of  bacteria. 

2.  From  the  beginning  of  the  experiment  to  the  close  there 
was  a  constant  increase  in  the  number  of  B.  acidi  ladici.  This 
was  an  increase  not  only  in  actual  numbers,  but  also  in  per- 
centage, the  milk  at  twenty-four  hours  old  showing  61  per 
cent,  of  this  species. 

3.  B.  acidi  ladici  II.  was  not  found  on  the  plates. 

4.  B.  aerogenes  plaj^ed  no  considerable  part  in  this  experi- 
ment. It  was  not  found  in  the  earlier  tests  and  appeared  only 
in  the  last  two. 

5.  The  Streptococcus  shown  in  the  fourth  column  existed  in 
very  great  numbers  at  first  and  continued  to  increase  in  num- 
bers through  the  series  of  tests.  The  percentage,  however,  as 
shown  by  Table  2,  underwent  a  tolerably  constant  decline,  and 
was  at  the  close  only  half  as  great  as  at  the  beginning. 

6.  The  two  species  of  Sarcina  were  present  in  moderate 
numbers  throughout  the  whole  series;  they  increased  slowly  in 
actual  numbers  but  there  was  a  decline  in  relative  abundance. 
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7.  The  number  of  liquefiers  was  excessively  high,  there 
being  at  the  outset  about  30  per  cent,  of  the  bactejia  that 
liquefy  gelatin.  This  number  remained  quite  high  throughout 
the  whole  series.  There  was  noticed  an  increase  in  percentage 
at  the  end  of  six  hours,  but  that  was  followed  by  a  somewhat 
rapid  decline  and  at  twenty-four  hours  the  proportion  had 
dropped  to  7.5  per  cent.  There  was  an  increase  in  total  num- 
bers, however,  up  to  the  very  last  test. 

8.  The  miscellaneous  bacteria,  of  which  three  species  are  re- 
corded, were  not  abundant,  the  numbers  being  only  a  few  hun- 
dred and  the  proportions  less  than  4  per  cent.  It  will  be  seen, 
moreover,  that  while  there  was  slight  increase  in  actual  numbers 
of  these  bacteria  for  a  few  hours,  there  v^^as  a  constant  decline 
in  percentage,  and  in  the  tests  that  were  made  at  twenty-four 
hours  these  species  did  not  appear  at  all.  This  does  not  neces- 
sarily indicate  that  the}^  were  totally  absent,  because  the  dilu- 
tions that  were  necessarj'  at  twentj-four  hours  were  so  much 
greater  than  those  required  at  the  end  of  six  hours  that  a  small 
number  of  these  miscellaneous  species  would  be  very  likely  to 
escape  observation  in  the  plates.  While,  therefore,  their  ab- 
sence from  the  tables  in  the  figures  for  the  later  tests  indicates 
that  they  had  not  increased  in  number  appreciably  during  the 
experiment,  it  does  not  indicate  that  they  were  totally  absent 
from  the  milk. 

.9.  The  number  of  colonies  that  were  undetermined  in  these 
tests  is  shown  by  the  last  column  to  be  somewhat  variable,  in 
one  test  rising  to  12  per  cent.,  but  in  the  other  cases  being 
about  3  per  cent,  or  less. 

Experiment  No.  2.  November. — This  experiment  was  a  rep- 
etition of  the  last  and  occurred  five  days  subsequently.  The 
conditions  of  the  experiment  were  identical  with  those  of  Ex- 
periment No.  I.  The  results  of  the  tests  made  up  to  the  age 
of  twenty-four  hours  are  shown  in  the  two  following  tables. 
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An  examination  of  the  tables  of  this  experiment  given  on 
the  preceding  page  shows  the  following  facts: 

1.  During  the  first  six  hours  there  was  no  appreciable 
change  in  either  number  or  variety  of  bacteria. 

2.  The  numbers  of  B.  acidi  ladici  showed  a  constant  in- 
crease in  the  successive  tests.  The  number,  however,  did  not 
become  so  high  as  in  the  first  experiment,  and  the  percentage 
at  the  end  of  twenty- four  hours  w^as  only  25,  the  actual  num- 
ber being  also  very  small. 

3.  The  presence  of  B.  acidi  ladici  II.  was  not  observed  in 
any  of  the  tests. 

4.  B.  aerogenes  was  abundant  in  this  sample  of  milk.  It 
was  not  observed  in  the  plate  made  from  fresh  milk,  but  a  few 
colonies  were  found  in  the  milk  at  the  age  of  six  hours.  From 
that  point  the}'  continued  to  increase  until  the  end,  when  they 
reached  the  number  of  100, ODO  and  a  percentage  of  16.3.  This, 
it  should  be  remarked  here,  is  a  very  high  percentage  for  this 
species  of  bacterium,  as  ma}^  be  seen  by  comparing  Table  4  with 
the  other  tables  on  the  following  pages. 

5.  The  Streptococcus  was  quite  abundant  throughout  the 
whole  series  of  tests,  but  while  increasing  constantl}^  in  num- 
bers showed  no  appreciable  change  in  percentage.  The  test 
made  at  nineteen  hours  indicated  a  dropping  off  in  the  number 
of  the  Streptococcus  colonies,  probably  due  to  an  imperfect  dif- 
ferentiation between  this  species  and  B.  addi  ladici,  which 
sometimes  resemble  each  other. 

6.  The  two  species  of  Sarcina  were  present  in  all  tests  and 
slowl}^  increased  in  numbers.  One  species  remained  through- 
out with  a  practicalh'  constant  percentage,  while  the  other 
species  fell  off  from  a  high  proportion  of  about  17.9  per  cent, 
down  to  about  2.5  and  then  disappeared. 

7.  In  this  sample  liquefiers  were  also  ver}"  abundant.  The}* 
increased  with  unusual  rapidity  during  the  first  nineteen  hours; 
afterwards  they  declined  with  equal  rapidity,  and  in  the  last 
test  only  about  10  per  cent,  were  found.  There  was,  however, 
a  constant  increase  in  total  number  of  liquefiers. 
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S.'  The  milk  showed  an  exceptional!}^  large  number  of  mis- 
cellaneous bacteria,  as  will  be  seen  from  Table  3.  It  will  also 
be  noticed  that  these  miscellaneous  types  must  pla}^  a  very 
small  part  in  the  changes  that  occur  in  milk.  They  were 
present  onl}^  in  small  numbers  at  the  start  and  in  milk  that 
was  six  hours  old,  and  then  disappeared,  only  one  species  in- 
creasing in  numbers  up  to  the  close  of  the  experiment.  The 
rest  were  indistinguishable  on  the  last  series  of  plates. 

9.  The  number  of  undetermined  bacteria  in  these  plates 
was  somewhat  variable  but  not  very  large.  It  should  be  no- 
ticed, however,  that  the  large  number  of  liquefiers  which  w^ere 
present  at  fourteen  and  nineteen  hours  made  a  sharp  differen- 
tiation of  B.  acidi  ladici  and  the  common  Streptococcus  difficult, 
and  probably  explains  the  slight  irregularities  shown  in  the 
two  tests. 

ID.  It  is  to  be  noticed  finally  that  the  total  number  of  bacte- 
ria at  the  end  of  the  experiment  was  very  small.  This  is  shown 
by  a  comparison  of  the  numbers  given  in  Table  3  with  those  in 
Table  7;  it  will  be  seen  that  whereas  in  the  later  experiment 
the  number  at  the  start  was  8,000  and  increased  in  twenty- 
seven  hours  to  3,000,000,  in  the  present  experiment,  as  shown 
by  Table  3,  the  number  at  the  start  was  13,000  but  at  the  end 
of  twenty-four  hours  only  716,000.  This  is  simply  one  in- 
stance of  what  we  have  found  to  be  a  general  rule,  that  the 
number  of  bacteria  at  the  start  gives  very  little  indication  of 
the  number  that  there  may  be  present  after  twenty-four  hours 
even  under  similar  conditions. 
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Experivient  No .  s  ■  December. — This  experiment  is  a  repe- 
tition of  the  last  two  and  was  performed  under  identical  condi- 
tions.    The  results  are  shown  in  Tables  5  and  6  on  page  36. 


The  general  conclusions  from  these  tables  are  as  follows: 

1.  There  was  a  constant  increase  in  numbers  of  B.  acidi 
ladici  and  a  tolerably  constant  increase  in  percentage.  The 
percentage  in  the  last  test  reached  53.5. 

2.  This  sample  of  milk  showed  the  presence  of  the  species 
called  B.  acidi  lactici  II.,  which  were  found,  however,  in  the 
last  three  tests  only. 

3.  B.  aerogenes  was  not  found. 

4.  The  Streptococcus  group  was  present  in  large  numbers 
and  continued  to  increase  in  number  constantly  throughout  the 
experiment,  reaching  at  the  end  the  number  of  two  million  and 
a  half.  The  percentage  of  colonies  of  this  species  also  remained 
high  and,  with  some  fluctuation  in  two  tests  due  doubtless  to 
the  high  per  cent,  of  undetermined  colonies,  was  at  the  close 
nearly  as  high  as  at  the  beginning. 

5.  The  two  species  of  Sarcina  increased  constantly  in  num- 
bers during  the  whole  experiment,  but  decreased  in  percentage; 
in  the  last  test  the  relative  abundance  was  less  than  one-third 
of  that  in  the  first  test. 

6.  Liqiiefiers  did  not  occur  in  so  great  numbers  as  in  the 
other  experiments.  While  there  was  moderate  increase  in 
total  numbers,  there  was  a  decrease  in  percentage,  and  at  the 
end  they  formed  a  much  smaller  proportion  of  the  total  num- 
bers than  at  the  beginning. 

7.  There  were  about  four  miscellaneous  types  of  bacteria 
which,  as  in  the  other  cases,  were  present  in  small  numbers  in 
the  first  one  or  two  plates  and  disappeared  so  as  not  to  be  de- 
tected in  the  later  tests. 

8.  The  total  number  of  miscellaneous  species  was  somewhat 
larger  in  this  experiment  than  in  the  other  two. 
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Experiment  No.  /.  November.  This  experiment  was  per- 
formed under  conditions  identical  with  those  of  the  other  three. 
The  results  are  shown  in  Tables  7  and  8. 


The  significant  facts  shown  by  this  experiment  are  as  fol- 
lows : 

1.  The  usual  increase  in  total  number  of  bacteria  and  in 
total  number  of  each  of  the  common  species  of  micro-organism 
is  seen.  As  in  the  other  cases  the  few  species  of  miscellaneous 
bacteria,  present  at  the  outset  in  small  numbers,  failed  to  in- 
crease and  disappeared  in  the  later  tests  of  the  experiment. 

2.  A  stud}^  of  the  table  of  percentages  shows  certain  irregu- 
larities from  those  of  the  other  experiments.  There  fails  to  be 
a  regular  increase  in  the  proportion  of  B.  acidi  lactici.  The 
Streptococcus  group  also  shows  irregularities.  The  third  and 
fourth  tests  indicate  a  smaller  number  of  this  group  than  the 
second  and  fifth.  The  explanation  of  this  is  beyond  doubt 
given  in  the  column  of  liquefiers,  for  it  will  be  seen  that  the 
proportion  of  these  organisms  in  this  milk  was  excessively 
high,  in  the  third  and  fourth  test  reaching  50  and  47  per  cent. 
This  high  percentage  of  liquefiers  made  it  impossible  to  keep 
these  particular  plates  until  the  B.  acidi  lactici  and  the  Strepto- 
coccus groups  were  properly  differentiated,  and  the  estimates  of 
these  two  species  upon  the  third  and  fourth  plates  are,  therefore, 
quite  unreliable.  The  same  statement  must  be  made  in  regard 
to  the  two  species  of  Sarcina,  which  in  young  plates  are  not 
easih^  differentiated  from  B.  acidi  lactici  or  the  Str-eptococcus 
group.  As  a  consequence  the  numbers  given  of  these  three 
species  in  these  two  tests  are  not  satisfactory. 
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Experime7it  No.  5.  December.  The  milk  in  this  experi- 
ment was  obtained  from  a  different  cow  from  that  of  the  other 
experiments,  but  from  the  same  stable.  In  other  respects  the 
conditions  were  identical.  The  results  are  shown  in  Tables  9 
and  10. 


From  these  tables  the  following  facts  may  be  noticed: 

1 .  There  is  a  constant  increase  in  the  numbers  of  B.  acidi 
ladici,  both  in  total  numbers  and  in  percentage.  They  did  not, 
however,  reach  a  very  high  percentage  in  any  of  the  experi- 
ments. It  will  be  noticed  that  the  30.9  per  cent,  given  in  the 
fourteen  hour  test  was  anomalous.  This  is  doubtless  an  error 
introduced  by  the  liquefiers,  as  mentioned  below. 

2.  The  other  two  common  acid  bacteria  did  not  appear  in 
this  sample  of  milk,  with  the  exception  of  a  small  number  of 
B.  aerogenes  found  in  the  last  plate. 

3.  The  Streptococcus  group  was  abundant  and  increased  in 
total  numbers  regularly  through  the  whole  series  of  experi- 
ments, though  the  percentage  remained  practically  constant. 

4.  The  total  number  of  the  two  Sarcina  species  underwent 
a  constant  increase,  but  there  was  a  decrease  in  percentage,  so 
that  in  the  last  tests  they  had  become  a  very  small  fraction  of 
the  whole,  less  than  2  per  cent. 

5.  The  most  peculiar  feature  of  this  sample  of  milk  was  the 
excessive  number  of  liquefiers,  which  was  greater  than  in  any 
other  test  we  have  made.  Moreover,  they  continued  to  increase 
until  almost  the  very  end,  rising  in  proportion  from  23.5  to  60.9 
per  cent,  at  the  end  of  twenty  hours,  and  then  falling  to  50  per 
cent,  at  the  end  of  twenty-four  hours.  This  large  number  of 
liquefiers  made  the  differentiation  of  the  acid  organisms  and 
the  Streptococciis  group  difficult  and  unsatisfactory,  and  it  is 
quite  probable  that  the  numbers  given  in  the  second  and  fourth 
columns  are  in  this  case  not  reliable. 

6.  There  were  only  two  species  of  miscellaneous  bacteria 
present  in  this  sample.  They  were  few  in  number  and  they 
disappeared  totall}-  from  the  plates  in  the  later  tests. 
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Experime?its  Nos.  6  and  7.  January. — The  two  present 
experiments  were  performed  in  the  month  of  Januar}^  at  a 
time  when  the  cows  w^ere  kept  in  the  barn  and,  therefore, 
under  conditions  quite  different  from  those  of  the  previous 
experiments.  These  two  experiments  are  especially  striking 
as  showing  the  extraordinary  variation  in  results  which  are 
obtained  under  conditions  that  are  apparently  identical.  The 
two  experiments  were  performed  within  two  days  of  each 
other,  one  upon  January  15,  and  the  other  upon  January  17. 
In  both  cases  the  milk  was  obtained  from  the  same  cow,  at 
the  same  stable,  and  the  samples  were  treated  in  identically 
the  same  manner.  The  results,  however,  were  for  quite  inex- 
plicable reasons  very  unlike.  The  four  tables  on  pages  42 
and  43  give  the  results  of  these  two  experiments. 

In  considering  the  results  given  in  the  above  tables  we 
notice  first  the  great  differences  between  those  for  the  two 
samples  which  were,  so  far  as  we  could  determine,  obtained 
and  kept  under  identical  conditions.  The  differences  will  be 
seen  in  the  following  points: 

In  the  first  sample  the  number  of  bacteria  rose  in  tw^enty-six 
hours  to  2,000,000;  in  the  second  sample  the}^  increased  in 
twenty-seven  hours  to  43,000,000.  This  difference  seems  to 
be  totally  unexplained  by  the  conditions  of  the  experiment. 

A  second  point  of  difference  was  the  number  of  the  common 
B.  acidi  ladici.  In  the  first  experiment  they  w^ere  not  found 
in  the  fresh  milk  or  milk  six  hours  old,  although  it  is  probable 
that  some  of  the  undetermined  bacteria  were  of  this  species. 
The  number  arose  onl}^  to  16  per  cent,  at  the  last  test,  at 
twenty-six  hours.  In  the  second  experiment  the  number  of 
this  species  at  the  outset  was  18  per  cent,  and  it  constantly 
increased  until  at  the  last  test  it  was  nearly  80  per  cent. 
These  differences  are  partly  explained  by  the  large  percentage 
of  undetermined  species  in  the  first  experiment,  but  even  if  all 
of  the  undetermined  bacteria  were  placed  in  the  column  of  acid 
organisms  it  would  still  leave  a  surprising  difference  between 
these  two  samples  of  milk  as  regards  the  development  of  this 
particular  species. 

A  third  great  difference  is  in  the  number  of  the  Streptococcus 
group  which  in  the  first  experiment  was  very  high  and  in  the 
last  experiment,  especially  in  the  later  tests,  exceptionallj^  low, 
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falling  at  the  end  to  .4  of  one  per  cent.  The  actual  numbers 
were,  however,  large  in  the  last  experiment,  showing  that  the 
small  percentage  of  these  organisms  was  due  to  the  large  num- 
bers of  B.  acidi  lactici. 

A  fourth  point  of  difference  was  in  the  liquefiers.  Whereas 
in  the  first  experiment  the  number  of  liquefiers  was  10  per 
cent,  at  the  outset  and  rose  to  65  per  cent.,  falling  at  the  end 
to  39  per  cent.,  the  number  in  the  second  experiment  was  in 
no  case  over  14  per  cent,  and  at  the  end  had  fallen  to  .6  of  one 
per  cent. 

There  are  other  minor  differences  that  may  be  made  out 
from  the  stud}^  of  the  tables  but  these  four  represent  the  more 
important.  It  is  not  improbable  that  it  was  the  great  develop- 
ment of  liquefiers  which  modified  the  development  of  the  other 
species  and  that  the  difference  between  these  two  samples  is  to 
be  explained  by  the  fact  that  for  some  quite  inexplicable  rea- 
son the  liquefiers  developed  rapidly  in  the  first  sample  and 
failed  to  develop  in  the  second  sample. 

When  these  two  tables  are  compared  with  those  of  experi- 
ments of  earlier  dates,  Tables  i-io,  there  are  found  to  be  no  very 
considerable  differences.  There  is  in  each  case  an  increase  of 
acid  organisms,  a  decrease  in  the  miscellaneous  species  and  a 
general  increase  in  liquefiers.  It  will  be  noticed,  however, 
that  the  experiment  of  January  17  was  in  some  respects  quite 
anomalous.  The  number  of  acid  bacteria  at  the  end  of  twenty- 
seven  hours  is  much  greater  than  in  any  previous  experiment 
described.  The  total  number  of  bacteria  is  very  large,  43,000,- 
000,  and  of  these  over  90  per  cent,  are  lactic  bacteria.  The 
result  of  this  is,  as  seen  by  Tables  12  and  14,  that  most  of  the 
other  types  of  micro-organisms  have  become  reduced  in  pro- 
portion or  have  quite  disappeared.  The  results  obtained  in 
this  experiment  are  quite  similar  to  those  which  have  been 
given  in  a  previous  report*  upon  the  development  of  bacteria 
in  the  late  stages  of  cream  ripening,  where,  as  has  been  shown, 
the  excessive  development  of  lactic  bacteria  forces  all  other 
species  to  the  background  and  eventually  appears  to  destroy 
them.  This  sample  of  milk  at  the  age  of  twenty-seven  hours 
is,  so  far  as  concerns  its  type  of  bacteria,  quite  similar  to  the 
samples  of  milk  and  cream  of  a  very  much  older  age  which  are 
described  elsewhere,  f 

*  Storrs  Expt.  Sta.  Rept.,  1900,  pp.  13-33.  t  Loc.  Cit. 
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It  is  possible  that  the  experiment  of  January  15  should  be 
excluded  from  our  series,  the  excessive  number  of  liquefiers 
interfering  so  materially  with  the  proper  differentiation  of  spe- 
cies that  the  column  of  undetermined  is  an  extremely  large 
one.  At  all  events,  too  much  value  must  not  be  placed  upon 
this  experiment,  but  we  have  included  these  tables  for  the  pur- 
pose of  showing,  if  nothing  else,  the  variations  and  the  diffi- 
culties of  determining  the  strict  differentiation  of  species  under 
these  conditions. 

Further  tables  giving  the  growth  of  bacteria  at  20°  C.  will 
be  found  in  the  later  sections  of  this  paper,  but  since  they  do 
not  materially  change  the  facts  already  given  it  will  be  well  to 
summarize  at  this  point  the  results  obtained. 

GENERAL   SUMMARY. 

If  we  compare  the  foregoing  experiments  we  shall  notice  the 
following  facts: 

1.  There  are  considerable  irregularities  as  to  both  total 
numbers  and  increase  of  different  species  under  what  seem  to 
be  identical  conditions.  There  is  in  all  cases  a  constant  in- 
crease in  the  total  numbers  of  bacteria  of  each  of  the  species 
given  in  the  first  eight  columns  of  our  tables.  The  miscellane- 
ous species  are  always  present  in  small  numbers,  but  they  dis- 
appear in  the  later  tests  in  all  cases,  which  means  that  they 
have  not  increased  materially  during  the  experiment. 

2.  There  is  in  all  experiments  a  constant  increase  in  the 
percentage  of  B.  acidi  lactici.  This  indeed  is  the  only  one  of 
the  bacteria  found  in  milk  in  these  samples  which  shows  a 
constant  increase  in  percentage  during  the  successive  tests. 

3.  The  Streptococcus  group  is  present  in  all  cases  in  con- 
siderable abundance,  continues  to  multiply  during  the  first 
twenty-four  hours,  and  commonly  just  about  holds  its  own  in 
percentage.  This  indicates  that,  as  a  rule,  it  multiplies  more 
rapidly  than  any  of  the  other  species  except  B.  acidi  lactici. 

4.  The  two  species  of  Sarcina  are  universally  present  in 
the  milk  and  continue  to  increase  in  numbers  in  all  experi- 
ments, but  their  percentage  generally  declines  somewhat,  so 
that  they  are  relativeh^  less  abundant  in  twenty-four  hours 
than  at  the  start. 


GROWTH  OF  BACTERIA  IN  NORMAL  MILK.  47 

5.  The  liquefying  bacteria  show  the  greatest  fluctuation. 
In  all  plates  they  increase  in  actual  numbers  and  in  some 
experiments  they  have  increased  in  relative  abundance  for 
twenty  hours.  In  others  there  is,  however,  a  decline  of  per- 
centage and  there  is  thus  a  general  indication  that  they  do  not 
multiply  so  rapidl}^  as  the  B.  acidi  ladici  and  the  Streptococcus 
group,  although  their  increase  is  quite  appreciable  in  all  of 
these  experiments. 

6.  The  miscellaneous  bacteria  may  be  two  or  three  species 
or  half  a  dozen,  or  even  more;  but  they  are  present  in  small 
numbers.  The}^  do  not  greatly  multiply  during  the  first 
twenty-four  hours,  and  at  the  close  either  have  disappeared 
or  are  present  in  such  small  numbers  as  not  to  be  noticeable  in 
the  tests.  They  cannot,  therefore,  be  of  much  significance  in 
the  changes  that  occur  in  the  milk. 

7.  In  general  it  will  be  seen  that  in  these  experiments  the 
bacteria  which  are  chiefly  concerned  in  producing  the  changes 
which  must  take  place  in  the  milk  are  the  B.  acidi  lactici,  the 
Streptococcus  group,  and  the  liquefiers.  The  slow  liquefiers  in 
all  cases  were  not  only  much  more  abundant  than  the  rapid 
liquefiers  but  they  multiplied  more  rapidly  in  the  milk. 

II.  THE  EFFECT  OF  ICING  THE  MILK  UPON  THE  DEVELOPMENT 
OF  BACTERIA. 

The  experiments  described  below  were  part  of  a  series  de- 
signed to  determine  the  effect  of  the  preliminary  icing  of  the 
milk  upon  the  growth  of  bacteria.  Several  experiments  were 
performed,- but  only  these  two  are  given  here,  since  these  are 
the  only  ones  in  which  the  results  were  satisfactory.  The 
method  of  experimentation  was  as  follows: 

Experi77ient  No.  8.  October.  The  milk  was  drawn  directly 
from  the  cow  into  sterilized  vessels,  taken  immediately  to  the 
laboratory,  and  a  number  of  plates  were  made  from  it  at  once. 
The  rest  of  the  milk  was  then  divided  into  two  lots,  one  of 
which  was  placed  upon  ice  for  fourteen  hours,  and  the  other 
was  kept  for  the  same  time  at  the  normal  room  temperature 
of  20°  C.  without  the  preliminary  icing.  At  the  end  of  four- 
teen hours  some  plates  were  made  from  both  lots  of  milk,  and 
from  that  time  plates  were  made  every  twelve  hours  from  both 
samples  until  the  milk  was  curdled. 
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It  will  be  noticed  that  these  experiments  were  continued  over 
a  longer  period  than  those  already  described.  The  purpose  of 
this  was  to  determine  whether  in  milk  that  was  more  than 
twenty-four  hours  old  the  development  of  the  bacteria  was 
similar  to  that  which  has  been  described  in  the  report  upon 
ripening  cream  previously  referred  to  (p.  26).  It  will  be 
noticed  from  the  tables  given  in  the  preceding  pages  of  this 
article,  that  although  there  is  considerable  increase  in  the 
number  of  lactic  bacteria  in  the  first  twenty-four  hours,  there 
is  nothing  that  compares  with  the  development  of  this  class  of 
organisms  in  ripening  cream.  In  the  present  experiments  the 
tests  were  continued  until  the  milk  was  thoroughly  sour  or 
curdled,  and  the  results  are,  therefore,  parallel  to  those  ob- 
tained in  the  study  of  ripened  cream.  As  was  to  be  expected, 
the  milk  that  had  not  been  iced  soured  and  curdled  quicker 
than  the  milk  that  had  been  kept  for  fourteen  hours  upon 
ice,  the  difference  in  the  time  of  curdling  being  about  fifteen 
hours.  Thus  the  curdling  was  delayed  about  the  length  of 
time  the  milk  was  kept  on  ice.  The  first  experiment  was  per- 
formed in  the  month  of  October,  at  a  time  when  the  weather 
was  tolerably  warm.  The  tables  above  give  the  results  of 
the  analyses.  Tables  15  and  16  representing  the  milk  which 
was  placed  immediately  at  20°  without  icing,  and  Tables  17 
and  18  those  that  were  first  iced  for  fourteen  hours.  It  will  of 
course  be  evident  that  the  first  of  each  pair  of  tables  in  this 
experiment,  and,  indeed,  in  all  the  subsequent  experiments  in 
this  paper,  are  strictly  parallel  with  those  given  in  the  first 
section,  i.  e.,  a  study  of  milk  at  20°.  They  thus  give  addi- 
tional evidence  in  regard  to  the  development  of  bacteria  in 
milk  during  the  first  few  hours,  when  the  milk  is  kept  at  a 
temperature  of  20°  C. 

From  the  four  tables  above  the  following  facts  ma}^  be  noted : 

1.  The  multiplication  of  bacteria  was  much  more  rapid  in 
the  milk  that  had  not  been  iced.  This  of  course  was  to  have 
been  expected. 

2.  The  number  of  bacteria  which  developed  in  the  iced 
milk  was  far  less  than  that  in  the  non-iced  milk,  even  at  the 
time  when  the  milk  was  curdled.  As  will  be  noticed  in  this 
experiment  the  iced  milk  at  the  time  of  curdling  contained 
only  about  300,000,000  per  ciibic  centimeter,  while  the  milk 
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that  had  not  been  iced  contained  1,000,000,000  per  cubic  centi- 
meter. This  result  is  quite  unexpected,  and,  ahhough  in  strict 
accordance  with  previous  and  subsequent  experiments,  its  sig- 
nificance is  at  the  present  time  unknown.  That  the  souring 
of  milk  is  due  to  the  growth  of  bacteria  has  been  abundantly 
demonstrated,  but  why  it  is  that  at  the  time  of  curdling  a 
sample  of  milk  that  has  been  previously  iced  contained  only 
about  one-third  as  many  bacteria  as  a  similar  sample  of  milk 
that  had  not  been  iced  is  a  question  to  which  we  can  at  present 
give  no  answer. 

3.  The  icing  of  the  milk  appears  to  have  an  influence  upon 
the  species  of  bacteria  that  develop.  As  may  be  seen  from  the 
tables  the  iced  milk  contained  up  to  the  thirty-eighth  hour  a 
larger  variety  of  bacteria  than  was  present  in  milk  that  had 
not  been  iced.  This  may  have  been  due,  however,  to  the  fact 
that  the  dilution  was  comparatively  greater  in  the  case  of  iced 
milk  than  in  the  case  of  the  non-iced  milk  and,  therefore,  that 
a  careful  differentiation  of  species  was  more  easily  made. 

4.  The  species  B.  acidi  ladici  II.  was  present  in  this  sample 
of  milk  in  considerable  abundance  and,  as  shown  by  the  tables, 
increased  more  rapidly  in  the  milk  that  had  not  been  iced  than 
it  did  in  the  iced  milk.  In  the  former  there  were  27  per  cent, 
at  the  time  of  curdling,  in  the  latter  ovXy  4.5  per  cent.  The 
icing  thus  apparently  checked  the  development  of  this  partic- 
ular species. 

5.  The  icing  apparently  had  no  influence  upon  B.  aerogenes, 
which  continued  slowly  to  develop  in  numbers  in  both  samples 
of  milk,  but  in  no  case  became  over  i  per  cent,  of  the  whole. 

6.  The  Streptococcus  group  developed  in  absolute  numbers 
and  in  proportionate  numbers  for  thirty-eight  hours  and  after- 
wards decreased.  The  increase  in  numbers  and  proportions 
for  the  first  period  of  the  experiment  is  in  accordance  with  the 
results  given  on  previous  pages.  The  decrease  in  the  numbers 
in  the  later  periods  is  interesting  and  suggestive.  It  will  be  seen 
further  that  the  numbers  of  streptococci  in  this  experiment 
were  large,  in  one  case  being  no  less  than  61  per  cent.  This 
large  number  was  noticed  in  both  the  iced  and  the  non-iced 
milk.  In  the  milk  that  had  not  been  iced,  however,  the  num- 
bers then  fell  off  rapidly,  and  in  the  iced  milk  they  also  fell  off 
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rapidly  though  they  remained  in  larger  numbers  at  the  end. 
The  last  analyses  of  the  iced  milk  showed  the  presence  of  15 
per  cent,  of  these  streptococci,  while  in  the  non-iced  milk  they 
had  become  reduced  to  less  than  one-half  of  i  per  cent. 

7.  The  icing  had  apparently  no  influence  upon  the  lique- 
fiers,  which  were  present  in  small  proportions  only  in  all  the 
experiments. 

8.  It  will  be  noticed  that  in  the  earlier  tests  there  was  a 
very  large  percentage  of  undetermined  organisms.  The  reason 
for  this  appears  to  be  in  part  because  of  the  large  numbers  of 
streptococci.  These  organisms  produce  a  slight  alkaline  reac- 
tion and  when  present  in  numbers  neutralize  the  acid  which  is 
developed  by  the  common  lactic  bacteria.  In  the  first  plate  of 
the  non-iced  milk  the  presence  of  these  alkaline  colonies  ob- 
scured the  development  of  the  lactic  bacteria  so  that  they  could 
not  be  differentiated.  The  result  was  that  nearly  half  of  the 
colonies  in  this  plate  could  not  be  determined;  most  of  them 
were  probably  streptococci  and  the  rest  probably  one  of  the 
lactic  bacteria.  It  will  be  seen  further  that  as  the  acid  organ- 
isms increased  in  number  the  difficulty  of  separating  them 
from  the  streptococci  decreased  and,  finally,  in  the  later  plates 
all  of  the  colonies  were  easily  differentiated. 

Experiment  No.  p.  November. — This  experiment  was  prac- 
tically a  repetition  of  the  last.  The  results  were  closely  in 
accordance  with  those  of  the  previous  experiment.  The  fol~ 
lowing  tables  give  the  results. 
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From  these  tables  the  following  detailed  points  may  be 
noticed: 

1.  The  preliminar}^  icing  of  the  milk  for  fourteen  hours  did 
iiot  in  this  case  produce  a  reduction  in  the  number  of  bacteria 
as  it  did  in  the  previous  experiment.  There  was,  at  the  end 
of  the  icing,  an  increase  from  23,000  to  78,000. 

2.  It  was  found,  however,  that  the  number  of  bacteria  de- 
veloping in  the  iced  milk  never  became  as  great,  even  at  the 
time  of  curdling,  as  in  the  non-iced  milk.  The  non-iced  milk 
at  the  time  of  curdling  contained  nearly  twice  as  many  bacteria 
(1,200,000,000)  as  the  iced  milk  (692,000,000).  There  was 
also  a  greater  7'apidity  of  multiplication  of  bacteria  in  the  milk 
which  had  not  been  iced. 

3.  The  variety  of  bacteria  found  in  the  iced  milk  was 
greater  than  that  present  in  the  milk  that  had  not  been  iced. 

4.  This  sample  of  milk  contained  at  the  outset  apparently 
no  representative  of  B.  acidi  ladici  II.  The}^  made  their  ap- 
pearance in  the  later  stages  and  were  found  in  both  the  iced 
and  the  non-iced  milk. 

5.  The  StrepiococciLs  group  was  present  in  considerable  num- 
bers, and  underwent  an  increase,  in  actual  numbers  and  per- 
centage, and  a  subsequent  decrease.  In  this  experiment,  as 
in  the  last,  this  species  decreased  much  more  rapidly  in  milk 
that  had  not  been  iced.  In  the  iced  milk  the  percentage  was 
at  first  almost  32,  rose  to  56,  and  then  became  reduced  to  15 
per  cent.  In  non-iced  milk  the  percentage  decreased  rapidly, 
so  that  at  the  close  of  the  experiment  there  was  less  than  .5  per 
cent,  of  this  species  of  bacteria  found,  the  total  number  being 
also  less  than  in  iced  milk. 

6.  In  this  experiment  the  effect  of  icing  seemed  to  be  to 
increase  the  development  of  liquefying  bacteria.  The  propor- 
tion of  liquefiers  in  the  iced  milk  rose  to  37  per  cent,  and  then 
dropped  off  rapidly.  In  the  non-iced  milk  the  percentage  in- 
creased slightly  and  dropped  off  more  rapidly,  and  at  the  end 
the  liquefiers  were  much  less  abundant  than  in  the  iced  milk. 

7.  In  both  samples  of  milk  five  of  the  varieties  of  bacteria, 
namely,  the  two  Sarcina  types  and  the  species  numbered  220,  a 
and  <?,  completely  disappeared  in  the  later  tests.     This  of  course 
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does  not  necessarily  mean  that  they  were  absent,  but  that  they 
had  not  increased  sufficiently  to  make  themselves  evident  in 
the  plates. 

8.  As  concerns  actual  numbers  there  was  an  increase  in 
nearly  all  species  of  bacteria.  In  the  non-iced  milk,  however, 
the  actual  numbers  of  the  Streptococcus  group  increased  for 
a  while  and  then  decreased;  whereas  in  the  iced  milk  the  abso- 
lute number  continued  to  increase  to  the  end.  In  regard  to- 
the  liquefiers  the  actual  numbers  also  increased  in  the  iced 
milk  and  the  non-iced  milk,  but  the  increase  after  the  first 
hours  was  very  slight.  In  actual  numbers,  then,  the  liquefiers 
simply  held  their  own,  although  decreasing  in  proportion. 

From  these  two  experiments  the  following  general  conclu- 
sions may  be  drawn : 

1.  In  milk,  as  previously  shown  in  cream,  there  is  in  later 
hours  marked  increase  of  lactic  organisms  which  become  so 
numerous  as  greatly  to  reduce  the  percentage  of  all  other  bac- 
teria and  apparently  to  cause  some  species  actually  to  disap- 
pear. The  percentage  of  lactic  bacteria  in  these  experiments 
was,  however,  not  quite  so  high  as  in  many  samples  of  ripened 
cream  previously  described.* 

2.  The  effect  of  a  preliminary  icing  of  about  fourteen 
hours  is  greatly  to  reduce  the  number  of  bacteria  which  is 
to  be  found  at  .any  subsequent  period.  Although  the  milk 
eventually  becomes  acid  and  curdles,  even  at  the  time  of 
curdling  the  number  of  bacteria  is  much  reduced  by  the 
preliminary  icing. 

3.  The  effect  of  icing  is  to  increase  the  probability  of  a  de- 
velopment of  the  miscellaneous  types  of  bacteria,  whereas  in 
milk  that  has  not  been  iced  these  miscellaneous  forms  disap- 
pear more  rapidly. 

4.  The  icing  of  the  milk  appears  to  delay  the  period  of 
decline  of  the  Streptococcus  group,  and  thus  to  increase  the 
number  of  this  species  present  at  the  end. 

5.  In  regard  to  the  other  species  the  effect  of  the  icing  is 
only  to  delay  the  development,  but  not  proportionately  to 
modify  it. 

*Storrs  Experiment  Station  Rept.  1900,  pp.  13-33. 
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III.   THE  COMPARISON  OF  THE  GROWTH  OF  BACTERIA  AT 

20  DEGREES  CENTIGRADE  AND  AT  1 3  DEGREES 

CENTIGRADE. 

Twent}^  degrees  is  a  temperature  higher  than  that  at  which 
milk  is  usually  kept  when  it  is  intended  for  market.  The  milk 
dealer  recognizes  the  value  of  low  temperatures  in  preserving 
milk  and  commonly  endeavors  to  reduce  the  temperature  as 
rapidly  and  as  low  as  possible  to  check  the  growth  of  bacteria, 
and  hence  to  delay  the  spoiling  of  the  milk.  Our  next  series 
of  experiments  was  designed  for  the  purpose  of  determining 
with  more  accuracy,  not  only  the  value  of  a  moderately  low 
temperature  in  reducing  the  number  of  bacteria.,  but  also  the 
influence  of  such  low  temperatures  upon  the  variety  of  bac- 
teria which  develop  in  the  milk  or  which  remained  alive  in 
the  milk  after  exposure  to  low  temperatures.  For  this  pur- 
pose we  have  compared  two  samples  of  milk  placed  at  different 
temperatures,  and  have  studied  in  each  case  the  development 
of  the  different  species  of  bacteria.  The  method  of  experi- 
mentation was  as  follows: 

The  milk  was  obtained  from  the  same  barn  as  that  from 
which  most  of  the  other  samples  described  have  been  obtained. 
It  was  drawn  directly  from  the  cow  into  a  sterilized  vessel, 
brought  to  the  laboratory  and  plates  made  from  some  of  it 
immediately.  The  rest  was  then  divided  into  two  lots,  one 
of  which  was  kept  at  the  ordinary  temperature  of  20°  C,  the 
temperature  varying  slightly  in  successive  hours,  and  the  other 
placed  at  a  temperature  of  13°  C.  This  temperature  was  chosen 
as  being  approximately  that  which  the  milk  dealers  frequently 
attempt  to  obtain  in  their  milk  for  the  purpose  of  preserving 
it.  A  bacteriological  examination  was  made  of  each  of  these 
samples  at  different  intervals.  The  milk  kept  at  20°  was 
plated,  as  in  the  above  experiments,  at  intervals  of  about  six 
hours  for  a  period  of  twenty-four  hours.  Milk  kept  at  13°  was 
not,  however,  tested  so  frequently.  At  the  outset  of  the 
experiments  we  made  the  tests  of  this  sample  at  the  same  in- 
tervals as  the  sample  kept  at  20°,  but  it  was  soon  found  that 
the  development  of  bacteria  was  so  very  slow  at  the  lower 
temperature  that  the  series  of  plates  showed  practically  no 
change  from  one  test  to  another,  the  milk  at  the  end  of  twenty- 
four  hours  being  almost  like  the  milk  at  the  start.  To  decrease 
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the  labor,  therefore,  in  later  experiments  we  made  our  exami- 
nations of  the  milk  kept  at  13°  at  longer  intervals;  in  the 
records  of  experiments  which  follow  it  will  be  seen  that  the 
cooled  sample  of  milk  was  tested  once  in  twelve  hours,  and 
the  tests  were  continued  for  a  period  of  about  fifty  hours, 
thus  making  the  number  of  tests  in  the  two  samples  of  milk 
identical.  The  tests  are  thus  of  course  not  strictly  parallel 
with  each  other  in  the  two  samples  because  they  were  made 
at  different  intervals;  but  it  is  impossible  to  make  exactly 
parallel  tests.  The  conditions  of  the  milk  kept  at  the  two 
temperatures  is  so  unlike  that  there  was  no  time  in  the  whole 
experiment  where  the  one  sample  could,  from  a  bacteriological 
standpoint,  be  compared  with  the  other. 

Several  of  the  earlier  experiments  in  this  line  were  quite 
unsatisfactory^  because  of  improper  understanding  of  these 
conditions.  The  milk  which  was  kept  at  the  temperature  of 
13°  was,  in  the  early  experiments,  diluted  very  much  too 
highly,  inasmuch  as  we  anticipated  a  greater  growth  of  bac- 
teria than  occurred.  Tests  were  also  made  too  frequently, 
and  other  difficulties  appeared,  so  that  our  first  experiments 
were  quite  unsatisfactory  as  concerns  anj'  comparison  between 
the  milk  at  20°  and  the  milk  at  13°.  These  experiments  are 
not  reported  here;  the  only  ones  which  are  given  are  those 
performed  after  we  had  learned  sufficient  about  the  results 
to  be  able  to  plan  the  experiment  a  little  more  satisfactorily. 

Experiment  No.  10.  January. — Tables  23-26  show  the  re- 
sults that  were  obtained  in  this  experiment.  The  preliminary 
test  of  fresh  milk  was  unsatisfactory  because  of  the  presence 
of  too  large  a  number  of  liquefiers. 


The  most  suggestive  facts  to  be  noticed  from  these  tables  are 
as  follows: 

I.  Perhaps  the  most  extraordinary  and  surprising  feature 
is  seen  in  the  comparison  of  the  total  numbers  of  bacteria  in 
the  two  samples  of  milk.  In  the  sample  kept  at  20°  the  number 
increased  regularly,  reaching  18,000,000  in  the  course  of 
twenty-eight  hours.     It  was  to  be  expected  that  the  number 
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in  the  milk  kept  at  13°  would  be  less,  but  the  figures  in  the 
first  column  of  Table  25  are  very  surprising.  There  was  from 
the  sixteenth  hour  to  the  twenty-eighth  hour,  a  period  of 
twelve  hours,  a  decrease  of  40,000;  in  the  next  twelve  hours 
an  increase  of  about  11,000;  and  in  milk  which  was  fifty-two 
hours  old  the  number  of  bacteria  was  not  quite  twice  as  great 
as  it  was  in  milk  sixteen  hours  old.  In  other  words,  there  was 
practicalh"  no  increase  in  total  numbers  of  bacteria  during  the 
period  of  nearly  forty  hours  covered  by  the  experiment.  This 
being  the  case,  it  was  evident  that  we  might  expect  to  find 
a  considerable  variation  in  the  proportions  of  the  different 
species,  for  it  is  quite  likely  that  some  species  would  be  found 
to  be  favored  by  such  low  temperatures  and  would  develop, 
while  others  would  be  unfavorably  affected.  This  expectation 
is  entirel}^  borne  out  by  the  results,  as  shown  in  the  tables 
on  pages  59  and  60.  The  variations  shown  in  the  different 
species  are  as  follows: 

2.  The  common  B.  acidi  ladici  apparentl}^  failed  to  develop 
at  13°.  Indeed,  at  first  it  rapidly  decreased  in  numbers.  At 
sixteen  hours  there  were  present  about  30,000,  21  per  cent,  of 
the  whole.  There  was  no  further  development  of  this  species; 
in  fact,  the  number  fell  off  in  the  next  twelve  hours;  and  in 
milk  fifty-two  hours  old  it  was  only  8,000,  a  little  over  a  fourth 
of  what  it  was  originally,  and  the  proportion  only  about  3  per 
cent. 

3.  While  the  temperature  of  13°  was  manifestly  unfavor- 
able to  the  development  of  B.  acidi  ladici,  it  was  on  the  other 
hand  favorable  to  the  development  of  the  Streptococcus  group, 
which  rose  from  16  per  cent,  to  28  per  cent.  If  this  is  com- 
pared with  the  development  at  20°  it  will  be  seen  that  the 
Streptococcus  group  has  been  favored  by  the  low  temperature 
more  than  by  the  high  temperature,  since  in  the  sample  at 
20°  there  were  only  about  14  per  cent,  of  these  organisms. 

4.  At  13°  there  is  seen  an  unusual  development  of  Sarcina 
I.  This  micro-organism,  which  was  present  in  the  milk  kept 
at  20°  in  a  proportion  of  only  about  2  per  cent.,  increased 
extraordinarily  in  the  sample  kept  at  13°,  appearing  in  the 
last  test  as  high  as  44  per  cent.  The  large  number  given  in 
the  test  made  at  twenty-eight  hours,  55  per  cent.,  is  probably 
an  error,  due  perhaps  to  a  failure  to  differentiate  Sarcina  and 
the  Streptococcus;  the  other  figures  are  probabl}'  reliable. 
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5.  It  will  be  noticed  that  the  higher  temperature  appar- 
ently favored  the  development  of  liquefiers,  which  rose  from 
10  per  cent,  to  51  per  cent,  in  twenty-one  hours  at  20°,  but  at 
13°  reached  only  15  per  cent.,  even  at  the  highest  point  of 
development. 

6.  One  especially  striking  effect  of  the  low  temperature  is 
the  increase  in  the  variety  of  bacteria.  In  all  the  experiments 
described  on  preceding  pages,  as  well  as  in  those  on  later 
pages,  it  will  be  seen  that  at  a  temperature  of  20°  there  is 
commonly  a  decline  in  the  number  of  varieties  of  bacteria 
found  in  the  milk,  so  that  in  the  later  hours  the  number  is  less 
than  at  first,  and  in  the  milk  which  is  fort}^  to  sixty  hours  old 
the  number  of  species  has  commonly  become  reduced  to  two  or 
three.  In  the  milk  kept  at  13°,  however,  the  reverse  is  the 
case.  As  can  be  seen  b}^  Table  25  the  milk  at  fifty-two  hours 
has  a  greater  variety  of  species  than  the  fresh  milk  and  these 
species  are  present  in  considerable  numbers  even  at  the  end. 
In  other  words,  this  experiment  would  seem  to  indicate  that 
whereas  at  the  temperature  of  20°  the  development  of  the 
acid  organisms  is  stimulated  to  such  an  extent  that  they  event- 
ually take  the  place  of  most  other  species  of  bacteria  in  the 
milk,  at  a  temperature  of  13°  the  acid  organisms  are  so  held 
in  check  that  the  miscellaneous  species  of  bacteria  which  are 
present  in  small  numbers  have  an  abundant  chance  to  develop. 

Experiment  No.  11.  Ja7iuary  2^. — In  this  experiment  the 
tests  of  the  sample  of  milk  which  was  kept  at  20°  were  not 
satisfactory  because  in  one  test  the  set  of  plates  developed 
numerous  liquefiers,  and  in  another  test  the  set  was  broken. 
The  only  reliable  test  was  that  made  of  the  fresh  milk.  The 
sample  of  milk  which  was  kept  at  13°,  however,  was  carried 
through  a  series  of  tests,  all  of  which  were  satisfactory.  The 
results  given  in  Tables  27  and  28  are  of  interest,  even  though 
it  is  not  possible  to  compare  them  with  results  for  the  same 
.sample  of  milk  kept  at  20°. 

From  the  tables  on  page  63  the  following  facts  may  be  noted: 

I.      Here,  as  in  the  previous  experiment,  the  extremel}^ slow 

development  of  the  total  number  of  bacteria  is  very  striking, 

at  the  end  of  fifty-two  hours  there  being  in  all  only  67,000. 

From  the  time  of  the  first  test  to  that  made  at  the  end  of  forty 
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hours,  as  will  be  seen  by  the  first  column  in  Table  27,  there  was 
no  increase  of  bacteria.  The  next  twelve  hours  showed  consid- 
erable increase.  There  was,  however,  a  slight  change  in  the 
variety  of  bacteria  which  appear  in  the  successive  analyses. 

2.  A  slight  increase  in  the  number  of  B.  acidi  ladici  may 
be  noticed  in  the  first  forty  hours,  and  a  considerable  increase 
in  the  last  twelve  hours. 

3.  The  Streptococais  group  remained  practically  unchanged 
in  numbers  during  the  first  forty  hours,  but  increased  during 
the  last  twelve. 

4.  The  most  peculiar  characteristic  of  this  sample  of  milk 
was  the  high  numbers  of  Sarcina  I.  In  the  fresh  milk  62  per 
cent,  of  the  bacteria  were  of  this  species,  and  for  the  first  forty 
hours  the  number  remained  nearly  constant,  there  being  a 
slight  falling  off  both  in  total  numbers  and  in  percentage. 
In  the  last  twelve  hours,  when  the  lactic  organisms  and  the 
Streptococcus  increased  in  numbers,  the  Sarcina  dropped  off 
markedly,  and  in  the  last  test  were  few  in  numbers. 

5.  It  will  be  noticed  that  this  sample  shows  a  verj^  high 
percentage  of  No.  220.  This  is  a  lactic  organism  closel}'  re- 
lated to  B.  acidi  lactici,  and  having  many  of  the  characteristics 
of  that  more  common  species,  but  differing  from  it  very  sharply 
in  its  characteristic  colony.  It  will  be  seen  that  in  this  sample 
of  milk  this  lactic  organism  developed,  in  both  numbers  and 
percentage,  during  the  fort}^  hours  when  the  other  species  were 
practically  constant,  but  that  in  the  last  twelve  hours  it  in- 
creased in  numbers  parallel  with  the  increase  in  the  number 
of  other  lactic  organisms. 

6.  The  chief  difference  between  this  sample  at  13°  and  the 
one  given  in  Table  25  is  in  the  total  failure  of  most  bacteria 
to  grow  for  forty  hours,  in  the  failure  of  the  Streptococcus  to 
develop  until  the  last  twelve  hours,  and  in  the  great  numbers 
of  Sarcina. 

Experiment  No.  12.  January  28. — This  experiment,  which 
was  an  exact  repetition  of  the  last,  four  days  later,  was  suc- 
cessful throughout,  and  the  results  given  in  the  following 
tables  are  quite  reliable. 

SAMPLE  KEPT  AT  20  DEGREES. 
The  study  of   the  results  with  milk  kept  at  20°,  given  in 
Tables  29  and  30,  shows  nothing  especially  different  from  the 
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results  shown  b)-  the  previous  tables.  It  will  be  noticed,  how- 
ever, that  there  was  an  exceptionally  large  number  of  the 
species  No.  220,  which  was  the  same  organism  that  appeared 
in  the  last  series  of  experiments.  This  organism  was  found 
in  the  first  two  tests  in  large  numbers,  but  in  the  later  tests 
did  not  appear.  It  is  possible  that  the  presence  of  this  new 
organism  was  associated  with  the  fact  that  in  this  experiment, 
as  in  the  last,  the  animals  were  fed  from  a  different  lot  of  hay, 
which  might  ver}^  likel}^  have  contained  some  species  of  organ- 
isms differing  from  those  previousl}^  found,  which  would  explain 
the  appearance  of  this  No.  220  in  such  large  numbers. 

SAMPLE  KEPT  AT   1 3  DEGREES. 

1.  There  was  noticed,  as  before,  in  the  milk  kept  at  13°, 
no  increase  in  total  number  of  bacteria  for  forty  hours;  indeed, 
the  sample  at  the  end  of  forty  hours  contained  not  quite  half 
as  many  as  the  fresh  sample  of  milk.  In  the  next  twelve 
hours  there  was,  as  in  the  previous  experiments,  an  increase 
in  total  number  of  bacteria.  It  will  be  seen  further  that  this 
increase  that  occurred  between  forty  and  fifty-two  hours  was 
due  chiefly  to  the  development  of  the  Streptococcus  and  lique- 
fying organisms. 

2.  The  most  striking  difference  between  this  and  the  last 
experiment  is  seen  in  the  growth  of  the  Sarcina.  Whereas  in 
the  experiment  of  January  24th  this  species  was  present  in  the 
first  forty  hours  in  large  numbers,  over  50  per  cent,  of  the 
whole,  in  this  sample  there  were  present  at  the  outset  only  .7 
of  a  per  cent. — about  100  per  cubic  centimeter — and  in  the 
subsequent  tests  the  presence  of  this  species  was  doubtful, 
until  the  last  one  when  they  increased  in  numbers  slightly. 

3.  The  liquefiers  remained  throughout  this  series  of  plates  in 
about  the  same  relative  proportions,  varying  somewhat  in  differ- 
ent tests  and  increasing  considerably  in  the  last  twelve  hours. 

4.  The  acid  organism  No.  220,  present  in  the  first  plates, 
disappeared  entirely  from  the  later  tests  in  this  experiment, 
whereas  in  the  last  experiment  this  species  continued  to  be 
present  up  to  the  end  of  forty  hours. 

Experhne7it  No.  ij.  February  /. — This  experiment  is  a 
repetition  of  Experiments  Nos.  11  and  12.  The  results  are 
shown  in  Tables  33-36  following: 
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The  most  significant  features  shown  b}'  the  preceding  tables 
are  as  follows: 

SAMPLE    KEPT    AT    20    DEGREES. 

1.  In  the  sample  of  milk  maintained  at  20°  there  was  a 
noted  falling  off  in  the  number  of  Sarcina  species  during  the 
first  six  hours,  from  which  time  the' number  remained  constant 
in  percentage  though  increasing  regularlj^  in  total  numbers. 

2.  The  liquef3'ing  bacteria  showed  for  the  first  eighteen 
hours  a  constant  increase  in  percentage  and  total  numbers,  the 
percentage  reaching  44  at  the  end  of  the  eighteenth  hour;  in 
the  next  six  hours  it  dropped  to  18.  The  total  number,  how- 
ever, increased  until  the  end  of  the  experiment. 

3.  The  species  No.  220  was  found  in  the  fresh  milk  in 
ver}'  unusual  quantit}^  but  it  dropped  very  rapidly,  the  milk 
at  six  hours  containing  only  19  per  cent.,  and  in  later  experi- 
ments practicalh^  disappeared. 

SAMPLE  KEPT  AT  1 3  DEGREES. 

1.  In  the  milk  retained  at  13°  the  total  numbers  showed 
essentially  the  same  variations  as  in  earlier  experiments,  the 
number  remaining  without  increase  for  about  thirty  hours, 
although  by  the  fortieth  hour  a  considerable  increase  was  seen, 
and  by  fifty-two  hours  the  number  had  become  larger  than  in 
any  other  of  the  samples  of  milk  kept  at  the  same  tempera- 
ture. 

2.  The  B.  acidi  ladici  remained  throughout  the  experiment 
with  practically  no  change  in  percentage,  but  with  an  increase 
in  total  numbers  in  the  last  two  tests. 

3.  The  StreptococaLS  group  showed  here  the  most  unusual 
relations,  inasmuch  as  in  the  last  two  tests  the  numbers  in- 
creased prodigiousl}^,  rising  to  about  70  per  cent,  in  the  milk 
which  was  fifty-two  hours  old.  This  great  increase  in  this  old 
sample  of  milk  was  somewhat  unusual,  although  something 
similar  has  been  found  in  some  other  experiments.  The  in- 
crease in  total  numbers  was  also  ver\'  great. 
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4.  The  species  of  Sarcina  played  no  part  in  the  changes 
that  must  have  taken  place  in  this  milk.  Thej'  were  present 
in  considerable  quantity  and  moderate  percentage  at  the  start, 
but  disappeared  from  the  plates  b}^  the  fortieth  hour,  and  were 
therefore  present,  if  at  all,  only  in  small  numbers.  • 

5.  The  liquefiers  played  little  part  in  the  experiment,  their 
numbers  remaining  practically  constant  so  far  as  concerns  per- 
centage, though  the  total  number  increased  with  some  regu- 
larit3\ 

6.  The  other  three  miscellaneous  species  given  in  the  tables 
either  disappeared  during  the  experiments,  or  became  so  small 
in  numbers  as  not  to  be  noticeable  in  the  later  tests. 

7.  The  chief  change  which  occurred  in  the  bacteria  in  the 
sample  of  milk  retained  at  13°  was  the  extraordinary  multi- 
plication of  the  Streptococcus  group.  Beginning  somewhere 
between  the  thirtieth  and  the  fortieth  hour,  this  bacterium 
multiplied  very  rapidly,  increasing  the  total  numbers  of  bac- 
teria more  than  tenfold  and  producing  a  corresponding  de- 
crease in  the  percentages  of  all  other  species.  The  other 
species  of  bacteria  remained  without  any  considerable  increase 
during  the  whole  experiment. 

Experiment  No.  i^.  February  10. — The  conditions  of  this 
experiment  were  identical  with  those  of  the  preceding.  The 
results  are  shown  in  the  following  tables: 
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SAMPLE  KEPT  AT  20  DEGREES. 

1.  The  most  striking  feature  in  these  tables  is  the  very 
large  number  of  species  of  bacteria.  There  are  tabulated 
twelve  different  species,  and  a  thirteenth,  column  includes  at 
least  five  other  species,  easily  differentiated,  but  tabulated 
together  in  one  column. 

2.  There  was  a  regular  decrease  in  the  percentage  of  the 
Streptococcus  group,  though  a  slow  increase  in  total  numbers. 

3.  The  liquefying  bacteria  showed  a  regular  increase  in 
percentage  and  numbers  for  the  first  four  tests,  reaching  55 
per  cent,  at  twenty-one  hours,  and  then  a  decrease  in  the  last 
test. 

4.  From  these  facts  it  appears  that  the  large  increase  in 
numbers  occurring  between  the  twenty-first  and  the  twenty- 
sixth  hour  was  due  to  the  exceptionally  rapid  growth  of  B. 
acidi  lactici  I.  and  II.  In  other  words,  the  lactic  organisms 
had  at  this  time  begun  to  grow  at  the  expense  of  the  other 
species,  as  previous  experiments  have  shown  that  they  always 
do  in  older  samples  of  milk. 

SAMPLE  KEPT  AT  1 3  DEGREES. 

1.  As  before  there  was  seen  a  complete  absence  of  increase 
in  total  numbers  for  over  thirty  hours.  By  the  thirty-eighth 
hour,  however,  there  was  a  slight  increase  and  by  the  fiftieth 
hour  a  considerable  increase  in  total  numbers. 

2.  B.  acidi  lactici  Y>^2iy&6.  little  part  in  the  increase  in  num- 
bers, for,  though  more  abundant  in  the  last  tests  than  in  the 
others,  its  percentage  was  much  less  than  in  earlier  samples. 

3.  B.  acidi  lactici  II.  had  a  very  unusual  development  in 
this  sample  of  milk.  It  was  present  in  small  numbers  in  the 
original  sample,  began  to  increase  apparenth'  about  the  twenty- 
fifth  hour,  and  then  developed  very  rapidly,  reaching  nearly  74 
per  cent,  in  the  last  sample  of  milk. 

4.  The  Streptococcus  group  underwent  a  constant  decline  in 
percentage,  with  a  very  slight  increase  in  total  numbers. 

5.  The  two  Sarcijia  species,  remained  without  increase  dur- 
ing the  whole  experiment. 
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6.  The  liquefiers  failed  to  develop  in  this  sample,  being 
present  oulj'  in  small  numbers  at  the  end. 

7.  The  miscellaneous  species,  which  were  numerous,  con- 
tinued to  remain  through  the  whole  experiment  in  about  equal 
numbers,  nearly  everN^  plate  made  showing  most  of  these 
species  present  in  small  numbers  and  in  small  percentage.  In 
other  words,  in  this  experiment  the  development  of  the  lactic 
organisms  did  not,  as  usual,  result  in  the  decrease  of  the  mis- 
cellaneous species. 

8.  From  these  facts  it  is  seen  that  the  increase  in  numbers 
occurring  from  the  thirty-eighth  to  the  fiftieth  hour  was  due 
to  the  excessive  growth  of  B.  acidi  ladici  II. ,  which  resulted 
in  a  marked  relative  decline  in  percentage  of  all  the  other 
species  present. 

SUMMARY  OF  THE  EFFECT  OF  PRESERVING  THE  MILK  AT 
13  DEGREES. 

1.  x\  temperature  of  13°  has  an  unexpected  effect  upon  the 
total  number  of  bacteria,  as  can  be  seen  from  the  results  given 
in  the  foregoing  tables.  For  a  period  of  from  thirty-six  to  thirty- 
eight  hours  the  bacteria  fail  to  grow  at  all,  and  may  at  this 
time  be  actually  less  in  numbers  than  at  the  outset.  This 
phenomenon  is  similar  to  that  which  occurs  in  milk  at  70°  for 
six  hours,  and  may  perhaps  be  regarded  as  a  continuation  of 
the  so-called  "germicidal  action"  of  the  milk.  After  about 
fort3^-eight  hours  the  number  of  bacteria  begins  to  increase, 
but  even  at  fift}^  hours,  the  limit  of  our  experiments,  the  num- 
ber is  very  small.  It  will  be  seen  that  at  fifty  hours  the  number 
of  bacteria  in  milk  kept  at  13°  is  no  more  than  is  present  at 
eighteen  hours  in  milk  which  is  preserved  at  20°. 

2.  After  about  the  fortieth  hour  the  growth  of  bacteria 
begins,  but  it  is  seen  that  some  of  the  species  of  bacteria  are 
different  from  those  which  develop  in  milk  which  is  kept 
at  20°. 

3.  The  action  of  this  temperature  is  apparently  to  check 
ver}^  decidedly  the  growth  of  B.  acidi  ladici,  which,  although 
not  killed,  remains  even  to  the  end  of  the  experiments,  as  a 
rule,  in  small  numbers,  and  is  hardly  more  abundant  at  the 
end  of  the  experiment  than  at  the  beginning.  There  is  com- 
monly a  slight  increase  in  numbers  in  the  last  twelve  hours. 
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4.  The  growth  which  occurs  after  fort}^  hours  is  due  usually 
to  the  Streptococcus  group  increasing  in  numbers,  sometimes  to 
the  B.  acidi  lactici  II.,  and,  in  our  experiments  in  one  case 
only,  to  the  development  of  B.  acidi  lactici  I. 

5.  During  the  first  fort}^  hours  there  are  slight  fluctuations 
in  the  species  of  bacteria  which  are  found  at  different  tests. 
The  Streptococcus  group  regular^  increases  in  total  number 
and  percentage.  I,iquefiers  frequently  increase.  The  Sa7ri7ia 
species  in  one  case  increased  slightly,  but  usually  remains  about 
constant,  or  sometimes  decrease  in  numbers.  The  miscellane- 
ous bacteria  remain  in  about  equal  quantity  throughout  the 
first  forty  hours.  All  of  this  simply  means  that  for  this  period 
there  is  very  little  change  in  the  bacteria,  but  that  the  Strepto- 
coccus appears  to  be  able  to  grow^  at  this  temperature  rather 
more  readily  than  the  other  species. 

6.  In  general  it  thus  appears  that  a  temperature  of  13° 
affects  not  only  the  total  numbers  of  bacteria  but  also  the 
species  which  develop. 

7.  It  appears  that  from  a  standpoint  of  the  number  of  bac- 
teria which  are  present  in  milk  at  any  age,  the  question  of 
temperature  is  a  factor  of  more  significance  than  the  question 
of  the  original  contamination. 

SUMMARY. 

//  is  well  noiv  to  summarize  briefly  the  general  results  ivhich 
have  been  obtained  from  the  experiments  described  in  the  previoiis 
pages.     They  are  essentially  as  folloivs: 

1.  There  was  little  regularity  in  the  comparative  development 
of  the  species  present  in  milk.  Numerous  irregularities  were  ob- 
served in  different  experiments  ivhich  are  inexplicable  by  any  data 
as  yet  in  our  possession,  ajid  many  differences  in  groivth  were 
found  in  different  samples  of  milk  kept  ainder  apparently  identi- 
cal conditions . 

2.  The  number  of  bacteria  zvhich  are  present  in  fresh  milk 
gives  710  i7idicatio7i  as  to  the  niimber  that  may  be  prese7it  m  later 
hours.  It  f}rque7itly  happe7is  that  milk  which  at  the  outset  has 
S7nall  7iu77ibers  will  i7i  later  hours  have  7iu7nbers  co7iside7-ably 
larger  tha7i  those  i7i  other  sa77iples  of  7nilk  which  at  the  07itset 
co7itai7ied  i7iore  bacte7'ia,  eve7i  though  the  tivo  sa77iples  op  77iilk  a7'e 
kept  tinder  ide7itical  co7iditions . 
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J.  The  question  of  temperature  is  a  matter  of  more  signifi- 
cance in  determining  the  number  of  bacteria  which  are  present  at 
any  stage  thayi  the  question  of  the  origi7ial  co7itaminatio7i  of  the 
viilk. 

^.  In  the  general  changes  -which  occur  in  the  species  present  in 
milk  ici'o  stages  are  clearly  seen,  which  are  7iot,  however,  sharply 
marked  off  from  each  other.  The  first  is  the  period  of  the  first 
few  hours,  zvheii  the  number  of  bacteria  is  less  than  about  10,- 
000,000.  This  period  lasts,  i?i  milk  kept  at  20° ,  for  about  tzveiity- 
foiir  hours,  but  if  kept  at  ij°  it  lasts  for  about  fifty  hours  or  even 
more.  The  second  period  is  that  in  zvhich  the  total  munber  of 
bacteria  is  over  10,000,000,  and  from  this  7ip  to  the  time  of  curd- 
ling. 

FIRST  PERIOD. 

5.  For  a  number  of  hours  after  the  milk  is  drawn  from  the 
cow  there  is  no  midtiplication  of  bacteria,  but,. on  the  contrary, 
freque7itly  a?i  actual  reduction  in  7iumbers.  This  has  been 
poi7ited  out  before  and  has  bee7i  called  a  ''^ger7nicide  prope7^ty," 
lasting  for  a  varying  length  of  time  up  to  forty  hours,  the  length  of 
ti7ne  depe7iding  S077iewhat  upon  temperature.  After  the  first  six 
ho7irs  at  20°  77iost  species  of  bacteria  begi7i  to  increase  in  absolute 
7iunibers;  so7ne,  however,  re77iai7i  without  any  appreciable  gi^owth 
a7id  others  seem  to  disappear ,  7iot  bei7ig  found  in  the  later  a7ialy- 
ses.  This  77iea7is,  at  all  eve7its,  that  they  do  7iot  7naterially  develop 
i7i  7iu77ibers,  although  they  77iay  not  acttially  be  destroyed. 

6.  At  20°  the7-e  is  a  u7iiform  increase  i7i  B.  acidi  lactici  dur- 
i7ig  the  first  period  of  twe7ity-fou7  hours.  The  total  numbers 
i7icrease  I'egtdarly  a7id  the  pe7xentage  also  i7icreases,  so7neti7nes 
reaching ^o  per  ce7it.  in  the  course  of  twe7ity-four  ho7irs,  although 
■>nore  com77io7ily  it  is  far  less,  from  10  to  jo  per  ce7it. 

7.  At  20°  the  other  lactic  bacteria  are,  i7i  7nilk  i7i  this  region, 
irregular  i7i  their  develop77ie7it.  B.  acidi  lactici  II.  occurs  in 
fxsh  milk  07ily  rarely.  It  is  occasionally  found  in  some  quantity 
at  the  e7id  of  t7venty-fo2ir  hours  but  is  not  usually  of  much  i7npor- 
ta7ice.  B .  aeroge7ies  is  foiind  with  fnore  or  less  regularity ,  but 
never  in  vejy  large  7iu77ibers.  In  the  numerous  sa77iples  of  7nilk 
which  we  have  tested  this  orga7iism  is  rarely  present  in  propo7'- 
tions  greater  than  2  to  j  per  cent. 


78  STORRS  AGRICULTURAL  EXPERIMENT  STATION. 

8.  At  20°  the  Streptococcus  group  always  increases  during- 
the  first  period  ofi  twejity-four  hours.  The  absoliite  7iumbers  show 
a  constant  increase  and  fregue7itly ,  though  not  always,  the  pro- 
portionate munbers  also  increase.  This  group  is  always  very 
abundant  at  the  end  of  twenty -four  hours  aiid,  in  many  cases,  is 
relatively  more  abundant  than  in  earlier  hours. 

p.  At  2o°  the  development  of  liquefying  bacteria  is  quite 
variable.  There  was  practically  always  an  increase  in  total  mem- 
bers, and  sometimes  an  increase  i7i  percentage,  though  frequently 
a  decrease. 

10.  At  2o°  the  two  species  of  Sarcina  developed  only  very 
slightly  during  the  first  period  of  ripening.  They  usually  i?i- 
crease  in  actual  numbers  though  they  decrease  in  percentage  and 
are  never  present  in  numbers  sufficient  to  make  them  of  much 
significance. 

11.  There  is  a  general  decrease  in  mtviber  of  miscellaneoiis 
species.  This  is  not  very  noticeable  during  the  first  twenty-four 
hours,  though  it  frequently  happens  that  some  of  the  species  pres- 
ent in  small  munbers  at  the  outset  fail  to  appear  at  the  end  of 
twenty  four  hours. 

12.  At  ij°  the  results  are  somewhat  different.  The  most 
noticeable  effect  is  that  this  temperature  produces  a  lengthening 
of  the  original  period  of  no  growth ,  from  thirty-six  to  forty  hours, 
and,  although  at  the  end  of  forty  hours  the  mimber  of  bacteria 
increases,  they  are,  even  at  fifty  hours,  relatively  very  few,  uszially 
no  more  numerotts  than  those  present  after  eighteen  hours  in  milk 
kept  at  2o° . 

ij.  After  forty  hours  at  ij°  there  is  a  somezvhat  i-apid 
growth  of  bacteria.  This,  hozvever,  is  not  due  to  the  development 
of  the  common  B .  acidi  lactici  but  usually  to  other  species.  Most 
freqjiently  it  appears  to  be  the  Streptococcus  group  that  develops 
at  this  period. 

i^.  The  effect  of  the  low  temperature  appears  to  be  to  check,  at 
least  for  fifty  holers,  the  growth  of  the  common  lactic  organism, 
B.  acidi  lactici. 

i^.  The  effect  of  the  loiv  temperatur-e  appears  to  be  to  make  it 
possible  for  the  miscellaneous  species  of  bacteria  that  may  be  pres- 
e7it  in  the  milk  to  remain  in  abundance  a  longer  period. 
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16.  The  effect  of  a  preliininary  icing  of  the  viilk  is  also 
noticeable.  When  the  milk  is  iced  for  a  period  of  fifteen  hours  it 
produces  several  important  results.  The  first  is  a  decrease  in 
numbers  of  bacteria  and  rapidity  of  bacteria  growth.  This  is 
shown,  not  only  by  the  fact  that  the  milk  at  any  partictilar  hour 
contains  fewer  bacteria  than  the  similar  sample  of  milk  which  has 
not  been  iced,  bid  also  by  the  fact  that  the  number  which  develops 
at  the  time  ivhen  the  7nilk  curdles  is  very  much  less  in  samples  of 
milk  which  have  previously  been  iced. 

ly.  The  preliminary  icing  of  milk  increases  the  chances  which 
the  miscellaneous  bacteria  have  of  growijig  iji  the  milk;  for  milk 
which  has  been  iced  shoivs  even  i7i  late  stages  a  larger  number  of 
miscella^ieous  organisms  than  a  similar  sample  of  milk  which  has 
not  been  iced. 

18.  The  effect  of  the  preliminary  icing  is  to  postpone  the  per- 
iod when  the  B.  acidi  lactici  develops  in  abundance  and  gains  the 
ascendency  over  the  other  species  of  bacteria;  in  other  words  to 
delay  the  second  period  in  the  ripening . 

SECOND  PERIOD. 

ig.  The  second  period  is  characterized  by  a  very  rapid  devel- 
opment of  total  numbers  of  bacteria  which  increase  more  rapidly 
than  in  the  first  period.  This  great  increase  is  due  chiefly  to 
the  development  of  lactic  organisms.  B.  acidi  lactici  I.  in  par- 
ticular develops  now  with  marvellous  rapidity ,  and  the  B .  acidi 
lactici  II.  is  also  fou7id,  in  many  cases,  in  gi'eat  abundance .  B. 
aerogenes,  in  our  milk,  rai'ely  becomes  very  numeroits.  The  acid 
oiganisms  that  develop  during  this  second  period  sometimes 
reach  pp  per  cent,  of  the  total  bacteria,  though  commonly  not 
so  high  as  this. 

20.  Parallel  with  the  increase  iii  lactic  organisms  there  is  a 
decrease  in  the  relative  numbers  of  all  other  species.  Not  only  do 
the  other  species  decrease  in  relative  numbers,  but  most  of  them 
decrease  in  absolute  iiumbers.  The  liquefiers  frequently  disappear 
e7itirely,  and  the  Stj'-eptococcus  group,  which  is  one  of  the  most 
persistent,  seems  to  disappear  entirely  in  many  samples  of  milk 
during  the  second  period.  The  miscellaneous  orga^iisms  certainly 
disappear  from  the  analyses;  a7id  this  may  -mean  that  they  have 
been  destroyed  or  me7'ely  that  they  are  in  such  small  7iu7nbe7's  that 
they  fail  to  appear  in  highly  dihited  plates. 
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21 .  The  disappearance  of  the  liquefying  organisms  and  others 
explains  the  fact,  frequently  7ioticed  by  those  who  study  milk, 
that  the  development  of  lactic  bacteria  in  milk  prevents  putrefac- 
tion from  taking  place.     In  other  words,  the  milk  is  protected 

from  the  action  of  putrefactive  bacteria  by  the  rapid  developmejit 
of  the  lactic  bacteria. 

22.  I7i  general  the  most  striking  features  in  regard  to  the 
development  of  bacteria  are  the  constant  and  uniform  increase  of 
lactic  bacteria  in  the  total  numbers  as  well  as  zVz  pej^entage,  and 
the  corresponding  decrease  in  perce7itage  a?id,  finally,  in  total 
mimbers,  of  pi^actically  all  other  species. 
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A  STUDY  OF  RATIONS  FED  TO  MILCH  COWS  IN 
CONNECTICUT. 

BY  C.  S.   PHELPS. 


The  study  of  rations  fed  to  milch  cows  by  several  farmers  in 
this  State  discussed  on  the  following  pages  is  similar  to  that 
conducted  during  the  winter  of  1899-1900,  a  full  account  of 
which  was  given  in  the  last  (1900)  Report  of  the  Station.  The 
objects  of  the  experiment  were  (i)  to  study  the  kinds  of  ra- 
tions in  use  by  farmers;  (2)  to  point  out  to  farmers  by  means 
of  simple  tests  on  their  herds  the  advantages  of  a  more  rational 
system  of  feeding  than  is  in  common  use;  and  (3)  to  study  the 
economy  of  feeding  according  to  the  yields  of  butter  fat. 

The  studies  of  thirty-seven  dairy  herds  made  by  the  Station 
in  cooperation  with  farmers  in  different  parts  of  the  State  prior 
to  1900,  covering  a  period  of  seven  years,  and  described  in  pre- 
vious Reports  of  the  Station,  have  led  to  two  general  deduc- 
tions in  regard  to  the  feeding  practices  of  Connecticut  dairymen. 
First,  the  tendency  has  been  to  pay  too  little  attention  to  the 
proportion  of  protein  used  in  feeding  milch  cows.  Rations  rel- 
atively low  in  protein  have  predominated,  although  narrow  ra- 
tions with  liberal  proportions  of  protein  have  generally  proved 
more  economical.  Second,  too  little  effort  has  been  made  to 
feed  according  to  the  productiveness  of  the  cows;  either  the 
quantity  of  milk  or  the  yield  of  butter  fat  would  seem  to  be  a 
more  rational  basis  on  which  to  calculate  the  ration  than  the 
live  weight  of  the  animal.  The  first  of  these  deductions  was 
dwelt  upon  in  the  summary  of  the  experiments  of  five  years 
given  in  the  Annual  Report  of  the  Station  for  1897.  The 
second  deduction  was  discussed  in  the  Annual  Report  for  last 
year  (1900)  and  is  further  considered  on  the  following  pages 
in  the  report  of  the  studies  made  during  the  winter  of  1900— 
1 901. 
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FEEDING  ACCORDING  TO  YIELDS  OF  BUTTER  FAT. 

Four  herds  were  included  in  the  studies  here  reported,  two 
tests,  as  usual,  being  made  with  each  herd.  The  herds  were 
lettered  and  the  tests  numbered  consecutively  with  those  of 
former  3^ears,  namely,  herdT,  tests  59  and  61;  herd  U,  tests  60 
and  62;  herd  V,  tests  63  and  65;  and  herd  W,  tests  64  and  66. 

In  each  case  the  feeding  in  the  first  test  was  conducted  ac- 
cording to  the  usual  practices  of  the  dairyman,  the  kinds  and 
amounts  of  coarse  fodders  and  grain  feeds  used  being  those  he 
was  using  when  the  test  began.  As  a  common  thing  each 
farmer  fed  all  his  cows  a  uniform  ration,  although  in  some 
cases  the  amount  of  grain  feeds  used  was  varied  slightly  for 
the  different  cows  according  to  whether  they  were  fresh  or  w^ell 
advanced  in  lactation.  iVn  account  was  kept  of  the  kinds  and 
amounts  of  feeds  used  and  of  the  quantity  of  milk  produced, 
the  feeds  were  sampled  and  analysed,  and  the  percentage  of 
fat  in  the  daily  milk  of  each  cow  was  determined;  in  this  way 
it  was  learned  how  much  of  each  ingredient  the  cow  was  re- 
ceiving per  day  and  how  much  milk  and  butter  fat  she  was 
producing. 

In  the  second  test  the  ration  was  proposed  by  the  Station 
and  was  based  upon  the  yields  of  butter  fat.  All  the  cows 
included  in  the  test  were  arranged  in  groups  according  to  the 
amount  of  butter  fat  per  day  yielded  by  each  during  the  first 
test,  and  all  the  cows  in  a  group  were  fed  a  uniform  ration. 
The  ration  consisted  of  two  parts,  a  basal  portion  and  a  sup- 
plemental portion.  The  basal  portion  consisted  of  coarse  fod- 
ders, usually  those  available  from  the  farm,  and  grain  feeds 
either  grown  on  the  farm  or  purchased.  These  were  used  in 
such  amounts  and  proportions  as  to  supply  approximately  the 
same  amount  of  protein  as  in  the  average  ration  used  in  the 
first  test.  The  supplemental  portion  consisted  of  concentrated 
feeding  stuffs,  which  generallj^  were  purchased.  These  were 
mixed,  according  to  their  composition,  in  such  proportions  as 
to  furnish  from  .2  to  .3  pound  of  protein  for  every  pound  of 
the  mixture — called  for  convenience  a  protein  mixture.  This 
mixture  was  kept  separate  from  the  grain  feeds  used  as  part  of 
the  basal  ration,  so  that  it  could  be  omitted  or  fed  in  varying 
amounts  as  desired.  In  feeding,  all  the  cows  in  a  test  were 
given    the   same    basal    ration    and    some  or  all  of    the  cows 
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received  a  supplemental  ration  of  the  protein  mixture,  the 
amount  of  the  latter  varying  according  to  the  yields  of  butter 
fat.  The  plan  of  grouping  the  cows  according  to  yield  and 
the  daily  quantity  of  protein  mixture  and  of  protein  fed  per 
cow  in  each  group  in  1900  were  as  follows: 

TablK  41. 

Daily  yield  of  butter  fat  per  cow  in  the  different  groups,  and 
amounts  of  proteitifed. 
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In  each  of  two  herds  there  were  three  groups,  in  one  herd 
four  groups  and  in  one  herd  five  groups.  Group  A  in  each 
herd  was  the  one  receiving  only  the  basal  ration.  In  two 
herds  the  cows  included  in  this  group  were  those  producing 
.50-. 65  pound  of  butter  fat  per  day;  in  the  two  other  herds 
those  producing  .50-. 70  pound  were  put  in  group  A.  The 
daily  quantity  of  digestible  protein  per  cow  in  the  basal  ration 
varied  somewhat  for  the  different  herds  but  was  very  uniform 
for  all  the  cows  in  the  same  test.  In  two  cases  it  was  about  2 
pounds,  in  one  it  was  1.6  pounds,  and  in  the  other  2.5  pounds. 

THE  DETAILED  DATA  OF  DAIRY  HERD  TESTS  OF  19OO-1901. 

The  detailed  data  of  the  dairy  herd  tests  for  the  winter  of 
1 900-1 90 1  are  given  in  Tables  44-51  beyond.  There  are  two 
tables  for  each  herd.  The  first  table  gives  the  statistics  of  the 
herd,  including  the  breed,  age,  and  estimated  weight  of  each 
cow,  the  number  of  months  since  last  calf,  and,  when  known, 
the  number  of  months  till  due  to  calf.  It  also  includes  the 
average  daily  yield  of  milk  and  butter  fat  and  the  daily  per- 
centages of  fat  in  the  milk  for  the  first  and  second  tests.     The 
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breeds  of  the  different  cows  are  indicated  by  the  abbreviations 
given  in  the  second  column,  as  follows:  J=Jersey;  H^Hol- 
stein;  A=A3^rshire;  S^Swiss.  The  letter  G  before  the  des- 
ignation for  the  breed  signifies  that  the  cow  was  a  grade. 

In  the  second  table  is  given  the  average  daily  ration  per  cow 
as  calculated  for  the  whole  herd  in  the  first  test  and  for  the 
separate  groups  in  the  second  test.  It  shows  the  weights  and 
amounts  of  digestible  nutrients  in  the  coarse  and  the  concen- 
trated feeds  used  in  the  ration,  the  fuel  value,  the  nutritive 
ratio,  the  total  cost,  and  the  net  cost  after  deducting  the  esti- 
mated value  of  the  manure.  Above  the  second  table  for  each 
herd  are  given  the  kinds  and  amounts  of  feeding  stuffs  used 
daily  for  the  herd  in  the  first  and  second  tests. 

The  rations  for  the  different  groups  were  estimated  on  the 
basis  of  digestible  rather  than  total  nutrients.  The  digestible 
nutrients  in  the  different  materials  fed  were  calculated  from  the 
total  nutrients  shown  by  analysis  by  use  of  factors  (coefficients 
of  digestibility).  The  proportions  of  nutrients  in  the  materials 
used  as  determined  by  actual  analysis  are  given  in  the  tables 
in  the  article  on  analyses  of  fodders  and  feeding  stuffs  in  an- 
other part  of  this  Report.  The  coefficients  of  digestibility  em- 
ployed in  the  calculations  of  digestible  nutrients  are  given  in 
the  table  below;  the  factors  for  the  different  feeding  stuffs  in- 
cluded in  this  table  are  based  upon  the  results  of  actual  diges- 
tion experiments  with  those  materials  or  are  assumed  from  the 
results  of  experiments  with  similar  materials;  the  factors  for 
the  various  mixtures  were  calculated  from  those  for  the  differ- 
ent ingredients  of  the  mixtures  and  the  proportions  in  which 
they  are  used. 

The  fuel  values  of  the  rations  were  computed  by  multiplying 
the  number  of  pounds  of  protein  and  carbohydrates  b}^  i860 
and  of  fat  by  4220  and  taking  the  sum  of  the  products  as  rep- 
resenting the  number  of  calories  of  available  energy  in  the 
ration.-'^ 

*  Inasmuch  as  satisfactory  factors  for  the  computation  of  the  fuel  values  of  feeding 
stuffs  for  auimals  have  not  been  established,  factors  used  in  calculating  the  fuel  val- 
ues of  the  foods  of  man  are  frequently  employed,  although  it  is  understood  that  the 
results  thus  obtained  may  be  far  from  the  truth.  The  factors  here  given  are  the  older 
ones  which  have  been  commonly  used.  Factors  slightly  smaller  than  these,  based 
upon  more  recent  and  more  complete  data,  have  been  latelj'  proposed  by  this  Station 
(Report  iSgg,  p.  104).  The  older  factors  have  been  used  again  in  this  instance,  how- 
ever, in  order  that  the  figures  given  in  the  tables  herewith  may  be  directly  compara- 
ble with  those  in  preceding  reports. 
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Table  42. 

Coefficients  of  digestibility  employed  ifi  calculating  the  digestible 
nutrients  in  the  different  feeding  stuffs  used  in  the  rations. 


Kind  of  Feeding  Stuffs. 


Mi; 


Corn  meal,  .         .         -         -         - 

Wheat  bran,        .         -         -         -         - 

Cotton  seed  meal,        -         .         .         - 
Corn  and  cob  meal,     -         -         -         - 

Cream  gluten  meal,     -         -  -         - 

Chicago  gluten  meal,  .         -         - 

Hominy  chop,     ----- 

Wheat  middlings,        -         .         .         - 
National  gluten  feed,  .         -         - 

Quaker  oat  feed,  -         .         .         - 

Corn  stover,        ----- 

Oat  hay,     ------ 

Corn  and  soy  bean  silage,  -         -         - 
Mixed  hay,         ----- 

Timothy  hay,      ----- 

Black  grass,         .         -         -         -         - 

Grain  mixture  No.  i  used  in  test  No.  6r, 
Grain  mixture  No.  2  used  in  test  No.  6i, 
Grain  mixture  No.  i  used  in  test  No.  62, 
Grain  mixture  No.  2  used  in  test  No.  62, 
Grain  mixture  used  in  test  No.  63, 
Grain  mixture  used  in  test  No.  64, 
Grain  mixture  No.  i  used  in  test  No.  65, 
Grain  mixture  No.  2  used  in  test  No.  65, 
Grain  mixture  used  in  test  No.  66, 
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79 
86 

78 
45 
53 
65 
58 
48 
58 
79 
85 
82 

85 
77 
82 
81 
86 
83 


92 
69 

93 
82 
98 

93 
92 

87 
87 
84 
62 
61 
82 
48 
60 
48 
91 
95 
82 
89 
74 
91 
82 
89 
84 


93 
68 
64 
84 
88 
93 
93 
81 
84 
77 
61 
52 
75 
59 
63 
59 
71 
77 
74 
77 
76 
81 
78 
80 
75 


58 
20 
32 
28 
33 
33 
5S 
33 
66 
26 
67 
44 
65 
60 
52 
60 
25 
29 
23 
26 
22 
40 
28 
46 
26 


The  cost  of  the  rations  in  the  different  experiments  was  cal- 
culated from  the  kinds  and  quantities  of  different  materials 
used  and  the  prices  current  during  the  season  in  which  the 
experiments  were  made.  The  prices  of  feeding  stuffs  taken 
were  averages  of  prices  for  ton  lots  quoted  to  the  Station  by 
'dealers  in  several  different  cities  in  the  State.  Those  for  coarse 
fodders  produced  on  the  farms  were  estimated  by  the  farmers 
themselves. 


*  See  Report  Storrs  Experiment  Station  for  1897,  A  Study  of  Rations  fed  to  Milch 
Cows,  p.  22;  and  Nitrogenous  Feeding  Stuffs,  p.  83. 
**  Assumed  as  Buffalo  gluten  feed. 
***  Assumed  as  oat  feed, 
t  Assumed  as  mixed  hay. 

I  Computed  from  the  assumed  digestibility  of  the  ingredients  used  in  the  grain 
mixture. 
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In  calculating  the  values  of  the  manure  obtainable  from  the 
different  rations  the  proportions  of  nitrogen,  phosphoric  acid 
and  potash  in  the  different  materials  used  were  estimated  or 
assumed  as  closely  as  could  be  from  the  data  available;  and  it 
was  also  assumed  that  75  per  cent,  of  these  ingredients  in  the 
fodders  and  feeding  stuffs  would  be  recoverable  in  the  manure.* 
The  valuations  per  pound  of  these  ingredients  were  taken  from 
those  estimated  b}^  the  New  England  Experiment  Stations  for 
the  year  1900-1901.7 

The  following  table  shows  the  average  market  price  per  ton 
of  the  different  materials  used  and  the  estimated  value  of  the 
manure  obtainable  from  one  ton. 

Table  43. 

Valuation  of  feeding  stuffs  used  in  estimating  cost  of  rations  fed 
milch  cows  in  winter  igoo-igoi . 


Kind  of  Feeding  Stuffs. 


tfl  (u  =3  _,+: 

er<  H  n  m 


Corn  meal,      -         -         - 
Quaker  oat  feed, 
Pillsbury's  fancy  mixed  feed, 
Cotton  seed  meal,   - 
Corn  and  cob  meal. 
Wheat  bran,    -         -         - 
Cream  gluten  meal, 
Chicago  gluten  meal. 
Hominy  chop. 
Wheat  middlings,    - 
National  gluten  feed. 
Oat  hay,  -         .         - 

Timothy  hay, 
Mixed  grasses. 
Black  grass,    -         -         - 
Corn  stover,    -         -         - 
Corn  and  soy  bean  silage, 


20.00 
20.00 
22.00 
26.00 
15.00 
20.00 
26.00 
26.00 
20.00 
20.00 
24.00 
12.00 
16.00 
14.00 
12.00 
6.00 
3.00 


5  .00 
9.50 
g.oo 

19.00 
4.00 
8.00 

14.50 

14.50 
5  .00 
8.00 

14.50 
3.50 
4.00 
4.00 
4.50 
3.00 
1.25 


The  details  of  the  tests  with  the  different  herds  during  the 
winter  of  1 900-1 901  follow. 

*  See  Storrs  Expt.  Sta.  Kept.  1896,  pp.  92-93. 

t  .See  article  on  Field  Uxperiraeuts  with  Fertilizers  iu  this  Report. 
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AVERAGE  DAILY  RATION  PER  COW.     HERD  T. 
Test  No.  59.     Oat  hay  9.8  lbs.,  corn  stover  8  lbs.,  cotton  seed  meal  .5  lb., 
Quaker  oat  feed  3.3  lbs.,  wheat  bran  2.1  lbs.,  corn  meal  2.7  lbs. 

Test  No.  61.  Basal;  Corn  stover  8  lbs.,  oat  hay  8  lbs.,  and  8  lbs.  of  grain 
feeds  mixed  as  follows:  Quaker  oat  feed  150  lbs.,  wheat  bran  300  lbs.,  corn 
meal  200  lbs.,  cotton  seed  meal  75  lbs.,  cream  gluten  meal  125  lbs.  Supple- 
mental protein  mixture:  Group  B,  i  lb.,  and  Group  C,  2  lbs.  of  grain  feeds 
mixed  as  follows:  Cotton  seed  meal  100  lbs.,  Quaker  dairy  feed  100  lbs., 
cream  gluten  meal  100  lbs. 

Table  45. 

Average  weight  of  food  and  digestible  7iutrients  fed  per  cow  per 

day  with  fuel  value  and  cost  in  dairy  herd 

tests  Nos.  5p  and  61. 

[Average  weight  of  herd  750  lbs.] 


Digestible  Nutrients  and 

>> 

Fuel  Value. 

a 

u 

Carbo- 

0 

g 

"a 

n 
0 
E 
< 

p 

hydrates. 

* 

> 

^1 

> 

1 

0 
u 

2 
0 

V 

> 

In 

Kind  of  Food. 

V 

V 

A  0 

bet 
p  y. 

V 

"3 
0 

0 

First  Test  No.  59. 

Lbs. 

Lbs.  Lbs 

Lbs. 

Lbs. 

Lbs. 

Cal. 

i: 

Cts. 

Cts. 

Cts. 

Whole  Herd. 

Concentrated  food,    - 

8.6 

I. 12   .34 

4.14 

.14 

4.28 

1 1480 

4^5 

8^7 

3.6 

.^•1 

Coarse  food. 

17.8;    .63  .27 
26.4|1.75j.61 

4.63 

8.77 

2.99 

3.13 

7.62  16480 

i3^i 

8^3 

3-1 

5.2 

Total  food. 

11.90,27960 

7.6 

17.0 

6.7 

10.3 

Second  Test  No.  61. 

Grottp  A . 

- 

Concentrated  food,    - 

8.0 

l.iq 

•  .34 

3^7T 

•  13 

3.84 

10790 

3^9 

8.6 

3^6 

.■5-0 

Coarse  food. 

16.0 
24.0 

•  43 

1.62 

.21 
.55 

3^64 
7.35 

2.23 
2.36 

5.87 

12600 

14.7 
6.8 

7.2 
15.8 

2.7 
6.3 

4^5 

Total  food. 

9.71 

23390 

9^5 

Group  B. 

Concentrated  food,    - 

q.o 

I.4S 

.40 

4-03 

•  15 

4.18 

12160 

3^5 

^•8 

4^3 

.')..') 

Coarse  food, 

16.0 

25.0 

.43 

1.88 

.21 
.61 

3-64 
7.67 

2.23 
2.38 

5.87  12600 

14.7 

7^2 

2.7 

4^5 

Total  food. 

10  •0524760 

6.1 

17.0 

7.0 

10.0 

Group  C. 

Concentrated  food,    - 

lO.O 

1.70 

•  45 

4^36 

•  17 

4..';3 

13490 

3-3 

II. 0 

4^9 

6.1 

Coarse  food, 

16.0 
26.0 

•  43 
2.13 

.21 

.66 

3^64 
8.00 

2.23 

5.87 

12600 

I4^7 

7.2 

2.7 

4^5 

Total  food, 

2.40 

10.40 

26090 

5.6 

18.2 

7.6 

10.6 

*  See  foot  note  p. 
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Group  A. 
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Average, 

Group  B. 
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G.  J.,        -         - 
G.  J.,        -         - 
G.  J.,        -        - 
G.  j.,        -         - 
Average, 
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G.  J.,        -        - 
G.  f.,        -        - 
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Average, 

Group  D. 
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Herd  Average, 
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AVERAGE  DAILY  RATION   PER  COW.     HERD  U. 

Test  No.  60.  Timothy  hay  5.7  lbs.,  mixed  hay  7.1  lbs.,  corn  stover  5.7  lbs., 
corn  and  cob  meal  5  lbs.,  wheat  bran  1.3  lbs.,  cotton  seed  meal  1.7  lbs. 

Test  No.  62.  Basal:  Mixed  hay  10.5  lbs.,  corn  stover  5.5  lbs.,  and  9  lbs. 
of  grain  feed  mixed  as  follows:  Corn  and  cob  meal  300  lbs.,  wheat  bran  400 
lbs.,  cotton  seed  meal  200  lbs.  Supplemental  protein  mixture:  Group  B,  i 
lb.,  Group  C,  2  lbs..  Group  D,  3  lbs,  and  Group  E,  4  lbs.,  of  grain  feeds 
mixed  as  follows:  Wheat  bran  75  lbs.,  cotton  seed  meal  100  lbs,  cream  gluten 
meal  125  lbs. 

Table  47. 

Average  weight  of  food  and  digestible  ntitrientsfed  per  cow  per  day 

withfiel  value  and  cost  in  dairy  herd  tests  Nos.  60  and  62. 

[Average  weight  of  herd  725  lbs.] 
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Kind  of  Food. 
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^1 

First  Test  No.  60. 

Lbs. 

Lbs. 

Lbs 

Lbs. 

Lbs. 

Lbs. 

Cal. 

cts. 

Whole  Herd. 
Concentrated  food,  - 
Coarse  food,    - 

8.0 

18.5 

1. 13 
.64 

•39 
.29 

3.75 
5-39 

.09 
3-31 

3.84 
8.70 

1089Q 
18590 

4.2 
14.6 

7.3 
II-3 

3-1 

3.7 

4-2 
7.6 

Total  food. 

26.5 

1.77 

.68 

9.14 

3.40 

12.54 

29480 

8.0 

18.6 

6.8 

11.8 

Second  Test  No.  62. 

Group  A. 
Concentrated  food,  - 
Coarse  food,    - 

9.0 
16.0 

1.42 
.60 

•  41 
•23 

3.57 
4-74 

.14 

2.80 

3-71 
7.54 

11270 
1611G 

3-3 
13.4 

9-0 
9.1 

4.2 
3.2 

4.8 
5.9 

Total  food. 

25.0 

2.02 

.64 

8.31 

2.94 

11.25 

27380 

6.3 

18.1 

7.4 

10.7 

Group  B. 

Concentrated  food,  - 
Coarse  food,    - 

lO.O 

16.0 
26.0 

1.69 
.60 

2.29 

.48 
•  23 

Tti 

3.90 

4-74 

8.64 

■  15 
2.80 

2.95 

4.05 
7-54 

12700 
16110 

3.0 

13-4 

10.2 
9.1 

4.9 
3.2 

5-3 
5.9 

Total  food. 

11.59 

28810 

5.8 

19.3 

8.1 

11.2 

Group  C. 

Concentrated  food,  - 
Coarse  food,    - 

II. 0 
16.0 

1.96 
.60 

.55 
.23 

4.23 
4-74 

.17 

2.80 

4.40 
7.54 

14150 
16110 

2.9 
13-4 

II. 4 
9-1 

5.6 
3.2 

5.8 
5-9 

Total  food. 

27.0 

2.56 

.78 

8.97 

2.97 

11.94^30260 

5.3 

20.5 

8.8 

11.7 

Group  D. 

Concentrated  food,  - 
Coarse  food,    - 

12.0 
16.0 

2.24 
.60 

.63 
•  23 

4.56 

4-74 

.18 
2.  So 

4-74 

7.54 

15640 
16110 

2.8 
13.4 

12.6 
9-1 

6.3 
3-2 

6.3 
5-9 

Total  food, 

28.0 

2.84 

.86 

9.30 

2.98 

12.28 

31750 

5.0 

21.7 

9.5 

12.2 

Group  E. 

Concentrated  food,  - 
Coarse  food,    - 

13-0 
16.8 

2.51 
.60 

.70 
■  23 

4.89 
4.74 

.19 
2.80 

5.08 
7.54 

17070 
16110 

2.7 
13.4 

13. 8 
9.1 

7.0 

3-2 

6.8 
5.9 

Total  food. 

29.03.11 

.93 

9.63 

2.99 

12.62 

33180 

4.7 

22.9 

10.2 

12.7 

*  See  foot  note  p. 
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STORRS  AGRICULTURAL  EXPERIMENT  STATION. 


AVERAGE  DAILY  RATION  PER  COW.     HERD  V. 

Test  No.  63.  Corn  stover  6.7  lbs.,  black  grass  7.7  lbs.,  oat  hay  4.6  lbs., 
mixed  hay  2.4  lbs.,  and  11. 8  lbs.  of  grain  feeds  mixed  as  follows:  Wheat  bran 
200  lbs.,  corn  and  cob  meal  150  lbs. 

Test  No.  65.  Basal:  Black  grass  6  lbs.,  corn  stover  5  lbs.,  oat  hay  4  lbs., 
mixed  hay  2  lbs.,  and  9  lbs.  of  grain  feeds  mixed  as  "follows:  Corn  and  cob 
meal  500  lbs.,  wheat  bran  400  lbs.,  cotton  seed  meal  150  lbs.,  national  gluten 
feed  125  lbs.  Supplemental  protein  mixture:  Group  B,  i  lb.,  Group  C,  2  lbs.,' 
Group  D,  3  lbs.,  of  grain  feeds  mixed  as  follows:  Cotton  seed  meal  100  lbs., 
national  gluten  feed  100  lbs.,  corn  and  cob  meal  100  lbs. 

Table  49. 

Average  weight  of  food  and  digestible  nutrieiits  fed  per  cow  pe? 

day  with  fuel  value  and  cost  in  dairy  herd 

tests  Nos.  6j  and  6^. 

[Average  weight  of  herd  800  lbs.] 


Digestible  Nutrients  and 

>. 

Fuel  Value. 

R 

u 

Carbo- 

.2 

p. 

<u 

0 

s 

< 

.9 
'C 

p 

? 

fe 

hydrates. 

« 

3 

CO 

> 

_> 
•r; 

i: 

0 
0 

Cts. 

3 
% 

0 

0 

(LI 

Cts. 

■s 

Kind  of  Food. 

P  X 

0 

1/ 

First  Test  No.  63. 

I.bs. 

Lbs. 

Lbs 

Lbs. 

Lbs. 

Lbs. 

Cal. 

cts. 

Whole  Herd. 

Concentrated  food,  - 

II. 8 

1.39 

..35 

5.56 

•14 

5.70 

14660 

4.7 

10.6 

4-5 

6.1 

Coarse  food,    - 

21.4 

.80 

.27 

6.04 

3.56 

9.60  20480 

12.8 

7.6 

II. I 

21.7 

4.2 
8.7 

(^•9 

Total  food, 

33.2 

2.19 

.62 

11.60 

3.70 

15.3035140 

13.0 

Second  Test  No.  65. 

1 

Group  A. 

'■ 

Concentrated  food,  - 

9-5 

1.40 

.38 

4.33 

.13 

4.46'i2500 

3.8 

q.O 

4.0 

5.0 

Coarse  food,    - 

17.0 

.59 

.22 

4.67 

2.63 

7.30  15600 

13.2 

8.9 

3-3 

5.6 

Total  food. 

26.5 

1.99 

.60 

9.00 

2.76 

11.7628100 

6.6 

17.9 

7.3 

10.6 

Group  B. 

Concentrated  food,  - 

10.5 

1.63 

.43 

4.75 

.15 

4.90  13960 

3.6 

10. 1 

4.6 

.5.5 

Coarse  food,    - 

17.0 
27.5 

■59 

.22 

4.67 

2.63 

7.30  15600 

13-2 

8.9 

3.3 

5.6 

Total  food. 

2.22 

.65 

9.42 

2.78 

12.20;29560 

6.2 

19.0 

7.9 

11.1 

Group  C. 

Concentrated  food,  - 

II. 5 

1.86 

.49 

5. IS 

.17 

5.32 

15420 

3.5 

II. 2 

5-2 

6.0 

Coarse  food,    - 

17.0    .59 

.22 
771 

4.67 

2.63 

7.30 

15600 

13.2 

8.9 
20.1 

3.3 
8l 

5.6 

Total  food. 

28.5 

2.45 

9.82 

2.80 

12.62  31020 

5.8 

11.6 

Group  D. 

Concentrated  food,  - 

12.5 

2.10 

.54 

5.57 

•  19 

5.76 

16900 

3.3 

12.3 

5.7 

6.6 

Coarse  food,    - 

17.0 

•59 

.22 

4..  67 

2.63 

7.30 

15600 

13.2 

8.9 

3.3 

5.6 

Total  food. 

29.5 

2.69 

.76 

10.24 

2.82 

13.06 

32500 

5.5 

21.2 

9.0 

12.2 

*  See  foot  note  p.  84. 
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STORRS  AGRICULTURAL  EXPERIMENT  STATION. 


AVERAGE  DAILY  RATION  PER  COW.     HERD  W. 
Test  No.  64.      Corn  and  soy  bean  silage  22.5  lbs.,  mixed  hay  11. 3  lbs.,  and 
8.2  lbs.  of  grain  feeds  mixed  as  follows:     Wheat  middUngs  300  lbs.,  hominy 
chop  100  lbs.,  cotton  seed  meal  150  lbs. 

Test  No.  66.  For  all  the  cows  alike,  corn  and  soy  bean  silage  22.5  lbs.,  and 
mixed  hay  10  lbs.,  and  for  the  cows  in  Group  A,  7.5  lbs.,  those  in  Group  B, 
8.5  lbs.,  and  those  in  Group  C,  9.5  lbs.  of  grain  feeds  mixed  as  follows:  Wheat 
bran  400  lbs.,  cotton  seed  meal  200  lbs.,  Chicago  gluten  meal  100  lbs.,  hominy 
chop  100  lbs. 

Table  51. 

Average  weight  of  food  and  digestible  nutrients  fed  per  cow  per 

day  with  fuel  value  and  cost  in  dairy  herd 

tests  Nos.  64.  and  66. 

[Average  weight  of  herd  900  lbs.] 


u 
aj 

P. 

11 

a 
0 

< 

Digestible  Nutrients  and 
Fuel  Value. 

s 

_> 

'u 

a 

0 
0 

i 

a 

3 

a 

% 
0 

'0 
1 

a' 

0 
1-1 

Carbo- 
hydrates. 

* 

"3 
> 

a 

s 

Kind  of  P'ood. 

u 
u 

a  ^ 

p  X, 

Lbs. 

3.70 
5-79 

0 

0 

First  Test  No.  64. 
Whole  Herd. 
Concentrated  food,    - 
Coarse  food, 

Lbs. 

8.2 

33. s 

Lbs. 

1-57 
.83 

Lbs 

.43 
.33 

Lbs. 

.12 

2.82 

Lbs. 

3.82 
8.61 

Cal. 

1 1 830 
19160 

i: 

3^1 
II. 4 

Cts. 

8.8 
"•3 

20^1 

8.3 
10.4 

18.7 
9^4 

10.4 
19.8 

10.5 
10.4 

20.9 

Cts. 

4^3 
4.0 

8^3 

4.6 

3.7 
8.3 

5-1 
3-7 

8.8 

5.7 
3.7 

9.4 

cts. 

4.5 

7^3 

Total  food. 
Second  Test  No.  66. 

Group  A. 
Concentrated  food,    - 
Coarse  food, 

42.0 

7.5 
32.5 

40.0 

8.5 
32.5 

41.0 

9-5 
32.5 

42.0 

2.40 

1. 61 

.87 

2.48 

1.83 
-87 

2.70 

2.04 
.87 

2.91 

.81 

.40 

•  33 

.73 

.45 

•  33 

.78 

•  51 

•  33 

.84 

9.49 

2.75 
5^69 

8.44 

3^ii 
5-69 

2.94 

.12 
2.42 

2.54 

.14 
2.42 

12.43 

2.87 

8. II 

10.98 

3^25 
8. II 

30990 

10020 
iSioo 

5.9 

2.3 
10.2 

11.8 

3^7 
6.7 

Total  food, 
Group  B. 
Concentrated  food,    - 
Coarse  food, 

28120 

II 340 
18100 

5.1 

2.3 

10.2 
4.9 

2.3 
10.2 

4.7 

10.4 

4-3 
6.7 

Total  food, 
Group  C. 
Concentrated  food,    - 
Coarse  food. 

Total  food, 

8.80 

3.48 
5-69 

9.17 

2.56 

•  15 
2.42 

2.57 

11.36 

3^63 

8. II 

11.74 

29440 

12700 
18100 

30800 

11.0 

4^8 
6.7 

11.5 

*  See  foot  note  p. 
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DISCUSSION  OF  THE  TESTS. 

Herd  T.  Tests  Nos.  5p  and  6i. — This  experiment  was  made 
with  a  herd  of  thirteen  cows,  the  animals  being  the  same  in 
both  tests.  The  cows  were  all  grade  Jerseys  and  were  esti- 
mated to  weigh  from  700  to  850  pounds.  Most  of  the  cows 
had  calved  within  six  months  prior  to  the  first  test,  and  none 
were  due  to  calve  within  three  months  of  the  close  of  the 
second  test.  The  herd  was  well  stabled,  the  temperature  being 
quite  uniform  irrespective  of  the  weather.  The  coarse  fodder 
used  consisted  of  corn  stover,  finely  cut,  and  oat  hay  of  good 
quality. 

The  first  test  began  December  11  and  continued  twelve  days. 
In  this  test  the  average  daily  ration  was  composed  of  about  10 
pounds  of  oat  hay  and  S  pounds  of  corn  stover,  and  about  8.5 
pounds  of  mixed  grains  consisting  of  wheat  bran,  corn  meal 
and  oat  feed,  with  a  very  little  cotton  seed  meal.  The  ration 
w^as  estimated  to  contain  1.75  pounds  of  digestible  protein  and 
was  quite  a  wide  one,  having  a  ratio  of  1:7.6. 

There  was  an  interval  of  sixteen  days  between  the  tests. 
The  second  test  began  January  8  and  continued  twelve  days. 
The  same  kinds  of  coarse  fodders  were  used  in  this  test  as  in 
the  first,  although  the  amount  of  oat  hay  was  slightly  reduced. 
The  grain  feed  of  the  basal  ration  consisted  of  8.0  pounds  daily 
of  a  mixture  of  150  pounds  of  Quaker  dairy  feed,  300  pounds 
of  wheat  bran,  200  pounds  of  corn  meal,  75  pounds  of  cotton 
seed  meal  and  125  pounds  of  Chicago  gluten  meal,  and  fur- 
nished about  2.0  pounds  of  digestible  protein  per  day.  The 
protein  mixture  for  the  supplemental  ration  consisted  of  equal 
parts  by  weight  of  cotton  seed  and  Chicago  gluten  meals  and 
Quaker  dairy  feed.  There  were  two  groups  of  cows  which 
received  the  protein  mixture  in  addition  to  the  basal  grain  feed. 
In  one  group  (B)  there  were  four  cows  which  received  one 
pound  each,  and  in  another  group  (C)  there  were  five  cows 
which  received  two  pounds  each  of  the  protein  mixture.  There 
was  estimated  to  be  .25  of  a  pound  of  digestible  protein  in  each 
pound  of  the  mixture,  and  the  amount  of  protein  fed  was  in- 
creased one  pound  for  every  .15  of  a  pound  of  butter  fat  pro- 
duced above  .65  of  a  pound.  There  were  two  cows,  however, 
whose  yields  of  butter  fat  in  the  first  test  indicated  that  they 
should  have  received  three  pounds  of  the  protein  mixture  if 


96 


STORRS  AGRICULTURAL  EXPERIMENT  STATION. 


this  plan  of  feeding  had  been  strictly  followed.  As  the  cows 
had  not  been  accustomed  to  heavy  grain  feeding  it  was  thought 
best  not  to  increase  above  two  pounds  of  this  mixture,  making 
a  total  of  2.13  pounds  of  digestible  protein  daily. 

Table  52. 
Summarized  results  with  he7'd  T.      Tests  Nos.  ^g  and  61 . 

[First  test  Dec.  11-22,  igoo.     Second  test  Jan.  8-19,  1901.] 


Digestible  Nutrients 

Av.  Daily 

AND  Fuel  Value. 

Yield. 

c 
0 

1 

0 

S 

0 

.S 

(LI 

ii 

nj 

u  — 

> 

> 

0 

0 

Gh 

CST3 

'Xj 

S 

3 

en 

^ 

U  ^ 

s 

"C 

« 

0 
0 

to 

0 

0 

fc 

^ 
^ 

0 

,    0 

Group  A,  4  cows: 

Vos. 

I,bs 

Lbs. 

Cal. 

i: 

Lbs. 

I.bs. 

Cts. 

$ 

cts. 

1st  test, 

1.75 

.61 

ri.90 

27960 

7.6 

10.9 

•71 

17.0 

1.56 

23^9 

2d  test. 

1.62 

■  55 

9-71 

23390 

6.8 

11.4 

•  77 

i5^8 

1-39 

20.5 

Group  B,  4  cows: 

1st  test, 

1-75 

.61 

ri.QO 

27960 

7.6 

12.4 

•79 

il.o 

i^37 

21.5 

2d  test,       -         -         . 

1.88 

.61 

10.05 

24760 

6.1 

13.6 

.89 

17.0 

i^25 

19. 1 

Group  C,  5  cows: 

1st  test. 

1-75 

.61 

11.90 

27960 

7.6 

17.9 

1.07 

17^0 

•95 

15^9 

2d  test,       -         .         - 

2.13 

.66 

10.40 

26090 

5.6 

18.3 

i^i3 

18.2 

•99 

16. 1 

Average  of  herd,  13  cows: 

1 

1 

1st  test, 

1.75 

.6111.90  27960  7.6 

14.1 

.87 

17.0 

1.21 

19.5 

2d  test. 

1.90 

.61;10. 08^248606.0 

14.7 

.94 

17.1 

1.16 

18.2 

Comparing  the  data  obtained  in  the  two  tests  on  herd  T,  it 
v^^ill  be  seen  that  in  the  case  of  the  first  test  the  average  cost  of 
the  ration  for  the  entire  herd  was  17.0  cents  and  in  the  second 
test  17. 1  cents;  while  the  average  dail}^  yields  were  14.  i  pounds 
of  milk  and  .87  pound  of  butter  in  the  first  test,  and  14.7  pounds 
of  milk  and  .94  pound  of  butter  in  the  second  test.  The  aver- 
age food  cost  of  producing  100  pounds  of  milk  was  5.0  cents 
less,  and  of  one  pound  of  butter  1.3  cents  less  in  the  second 
test  than  in  the  first.  The  feeding  of  different  amounts  of 
protein  to  different  cows  according  to  the  yields  of  butter  fat  is 
seen  in  this  experiment  to  have  been  more  economical  than  feed- 
ing a  uniform  ration,  rather  low  in  protein,  for  the  entire  herd. 

Herd  U.  Tests  Nos.  60  and  62. — Thirteen  animals  were 
included  in  each  of  the  tests  of  this  experiment,  twelve  being 
grade  Jerseys  and  one  a  grade  Holstein.  The  average  esti- 
mated weight  of  the  cows  was  725  pounds.     Most  of  the  cows 

*  See  foot  note  p.  84. 
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had  calved  within  six  months  previous  to  the  first  test,  and 
none  were  due  to  calve  until  four  months  or  more  after  the 
close  of  the  second  test.  The  herd  was  well  stabled  and  was 
watered  in  a  protected  5^ard,  where  the  animals  were  allowed 
to  exercise  in  mild  weather.  The  coarse  fodder  used  was  pro- 
duced on  the  farm,  and  consisted  of  hay  of  good  qualit}^  and 
corn  stover.  The  grain  mixture  fed  in  the  first  test  consisted 
largeh'  of  corn  which  was  grown  on  the  farm. 

The  first  test  on  this  herd  began  December  26  and  continued 
eleven  days.  In  this  test  all  the  cows  were  supposed  to  have 
essentiall}^  a  uniform  ration,  but  the  amount  of  grain  fed  to 
each  varied  somewhat,  causing  the  ration  to  differ  slightlj^  for 
the  different  cows.  In  this  test  the  average  daily  coarse  fodders 
consisted  of  about  7  pounds  of  hay  of  mixed  grasses,  6  pounds 
of  timothy  hay  and  5.5  pounds  of  corn  stover.  The  average 
daily  grain  feed  consisted  of  5  pounds  of  corn  and  cob  meal, 
about  one  pound  of  wheat  bran  and  a  little  less  than  2  pounds 
of  cotton  seed  meal.  This  ration  was  estimated  to  contain  1.77 
pounds  of  digestible  protein,  and  to  have  a  nutritive  ratio  of 
1:8.0. 

There  was  an  interval  of  sixteen  days  between  tests.  The 
second  began  January  21  and  continued  twelve  days.  Owing 
to  a  lack  of  the  cheaper  coarse  fodders,  especially  corn  stover, 
more  ha}^  was  fed  in  the  second  test  than  was  thought  to  be 
desirable.  The  coarse  fodders  consisted  of  about  10  pounds  of 
hay  of  mixed  grasses  arid  5.5  pounds  of  corn  stover.  The  basal 
grain  ration  consisted  of  about  9  pounds  daily  of  a  mixture  of 
300  pounds  of  corn  and  cob  meal,  400  pounds  of  wheat  bran 
and  200  pounds  of  cotton  seed  meal,  and  furnished  about  2 
pounds  of  digestible  protein  daily.  The  protein  grain  mixture 
was  made  up  of  100  pounds  of  cotton  seed  meal,  125  pounds  of 
Chicago  gluten  meal  and  75  pounds  of  wheat  bran.  It  was 
estimated  to  furnish  .27  of  a  pound  of  digestible  protein  for 
each  pound  of  the  mixture.  In  this  test  four  groups  of  cows 
were  fed  the  protein  grain  mixture.  In  group  B  there  were 
five  cows  which  were  fed  one  pound  each;  in  group  C  there 
were  four  cows  which  received  two  pounds  each,  and  one  cow 
in  each  of  groups  D  and  E  received  three  and  four  pounds  of 
the  protein  mixture  respectively. 
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Table  53- 
Summarized  results  zvith  herd  U.      Tests  Nos.  60  and  62. 

[First  test  Dec.  26,  1900-Jan.  5,  1901.     Second  test  Jan.  21-Feb.  2,  1901.] 


Digestible  Nutrients 

Av.  Daily 

AND  Fuel  Value. 

Yield. 

a 
.2 
"S 

u 

'0 

a 

0 
0 

V 

.S 

4J 

* 

'■4-t 

> 

M 

0 

u 

Hi 

Ph 

COTd 

,13 

11 

^ 

s 

« 

0 
a 

0 

V 

0 

Group  A,  2  cows: 

I,bs. 

I,bs 

I.bs. 

Cal. 

1: 

lybS. 

I,bs. 

Cts. 

$ 

cts. 

ist  test, 

1.77 

.68 

12.54 

29480 

8.0 

II. 6 

.64 

i8.6!i.6o 

29.1 

2d  test, 

2.02 

.64 

II  .25 

27380 

6.3 

13.2 

.7918.1  1.37 

22.9 

Group  B,  5  cows: 

1 

1st  test, 

1.77 

.68 

12.54 

29480 

8.0 

14-3 

.84  18. 61. 30 

22.1 

2d  test,       -         .         - 

2.29 

•  71 

11-59 

2S810 

5.8 

14.4 

.9319.31.34 

20.8 

Group  C,  4  cows: 

^ 

1st  test,      -         -         - 

1.77 

.68 

12.54 

29480 

8.0' 

17.9 

I.03118.6  1.04 

18. 1 

2d  test,       .         .         - 

2.56 

.78 

11.94 

30260 

5.3 

19.0 

1. 18  20.5  1.08 

17-4 

Group  D,  I  cow: 

1 

1st  test,      -         -         - 

1-77 

.68 

12.54 

29480 

8.0 

25-9 

1.3918.6!    .72 

13.4 

2d  test. 

2.84 

.86 

12.28 

31750 

5-0 

25.8 

I. 61 21.7 

.84 

13.5 

Group  E,  I  cow: 

1st  test. 

1-77 

.68 

12.54 

29480 

8.0 

32.1 

1. 61 

18.6 

.58 

II. 6 

2d  test. 

3-11 

•93 

12.62 

33180 

4-7 

33.7 

1.8022.9    -68 

12.7 

Average  of  herd,  13  cows: 

! 

1st  test,      - 

1.77 

.6812.54 

29480  8.0 

17.4 

.9818.61.07 

19.0 

2d  test,       -         .         - 

2.44 

.75|11. 78,29610,5. 5 

18.0 

1. 10^19. 9jl. 10 

18.1 

Table  53  gives  the  results  obtained  in  the  separate  tests  with 
the  different  groups  of  cows.  The  average  cost  of  the  ration 
used  in  the  second  test  was  1.3  cents  more  than  in  the  first 
test.  The  average  jdeld  of  milk  w^as  .6  pound  more  and  of 
butter  .12  pound  more  in  the  second  test  than  in  the  first. 
The  cost  of  producing  100  pounds  of  milk  was  3.0  cents  more, 
while  the  cost  of  one  pound  of  butter  was  nearly  one  cent  less 
in  the  second  than  in  the  first  test.  When  the  average  food 
cost  of  one  pound  of  butter  in  the  second  test  is  compared  with 
the  average  food  cost  of  the  same  amount  of  butter  in  the  first 
test,  it  will  be  noticed  that  the  rations  providing  over  2.56 
pounds  of  protein  were  less  economical  than  the  average  ration 
in  the  first  test,  which  provided  onl}^  1.77  pounds  of  protein. 
Although  the  average  milk  3'ield  was  slightl}^  more  in  the 
second  test  than  in  the  first,  the  cost  of  milk  was  not  reduced; 
while  in  the  case  of  the  butter  the  5'ield  was  greater  in  the 

*  vSee  foot  note  p.  84. 
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second  test  and  the  cost  was  reduced.  This  was  due  to  the 
fact  that  the  milk  in  the  second  test  contained  a  higher  average 
percentage  of  butter  fat. 

Herd  J\  Tests  A^os.  6j  and  6^. — The  total  number  of  cows 
in  each  of  the  tests  with  this  herd  was  seventeen,  twelve  of 
which  were  grade  Jerseys,  four  grade  Holsteins  and  one  a 
Devon.  The  cows  varied  in  estimated  weight  from  750  to 
1,000  pounds,  the  average  being  placed  at  800  pounds.  Nearly 
all  the  cows  had  calved  within  six  months  previous  to  the  first 
test,  and  none  were  due  to  calve  within  two  months  after  the 
close  of  the  second  test.  The  cows  were  fed  a  large  amount,  of 
coarse  fodder,  consisting  of  black  grass  hay,  mixed  hay  and 
corn  stover,  and  in  addition  quite  a  large  proportion  of  corn 
grown  on  the  farm. 

The  first  test  began  Februarj^  4  and  lasted  twelve  days. 
During  this  test  a  large  amount  of  ha}^  and  corn  stover  was 
fed,  the  average  daily  allowance  per  cow  being  21.4  pounds. 
The  grain  mixture  consisted  of  200  pounds  of  wheat  feed  and 
about  150  pounds  of  corn  and  cob  meal,  which  was  fed  at  the 
rate  of  about  12.0  pounds  per  cow  each  day.  The  average 
ration  fed  in  the  first  test  was  estimated  to  contain  2. 19  pounds 
of. digestible  protein  and  to  have  a  nutritive  ratio  of  1:7.6. 

After  an  interval  of  sixteen  da5^s  the  second  test  was  begun, 
on  March  4,  and  continued  the  usual  period  of  time.  The 
coarse  fodder  used  daily  in  this  test  consisted  of  a  total  of  17 
pounds  of  oat  hay,  black  grass  hay  and  corn  stover.  The  basal 
grain  mixture  was  made  up  of  500  pounds  of  corn  and  cob 
meal,  400  pounds  of  wheat  bran,  150  pounds  of  cotton  seed 
meal  and  125  pounds  of  national  gluten  feed,  and  was  fed  at 
the  rate  of  9.5  pounds  per  da3^  The  protein  mixture  con- 
sisted of  equal  parts  of  cotton  seed  meal,  national  gluten  feed 
and  corn  and  cob  meal.  The  basal  grain  mixture  with  the 
coarse  fodder  gave  a  ration  containing  approximately  2  pounds 
of  digestible  protein  per  day,  while  the  protein  mixture  fur- 
nished approximately  .2  of  a  pound  of  digestible  protein  for 
each  pound  of  the  mixture. 

The  cows  were  divided  into  four  groups  in  the  second  test, 
one  of  which  (A)  containing  four  cows  received  the  basal  ration 
only,  another  (B)  containing  five  cows  received  i  pound  of  the 
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protein  mixture  in  addition  to  the  basal  ration,  another  (C) 
containing  three  cows  received  2  pounds  extra,  and  another 
(D)  containing  five  cows  received  3  pounds  extra. 

It  will  be  noted  from  the  above  that  the  rate  at  which  the 
protein  was  increased,  for  the  more  productive  cows,  was  re- 
'duced  in  this  from  what  it  was  in  the  last  two  experiments. 
The  increase  in  the  protein  fed,  however,  was  made  on  the 
basis  of  a  smaller  increase  in  the  yields  of  butter  fat,  as  shown 
in  the  tabulation  on  page  83. 


Table  54. 
Summarized  results  tvith  herd  V.     Tests  Nos.  6j  aiid  6^. 

[First  test  Feb.  4-16,  1901.     Second  test  Mar.  4-16,  1901.] 


Digestible  Nutrients 

Av.  Daily 

AND  Fuel  Value. 

Yield. 

"S 

0 

^  1   ■-; 

tfi 

I-    u 

Value.* 
ive  ratio 

u 

0     1     '^ 

0                 w 

0 

fe 

a! -a 

1  "ill 

S 

x^ 

tn 

*"*            J-t 

^ 

"-•  ^ 

Fuel 

Nutr: 

« 

0 
0 

Cost 
Cos 

Group  A,  4  cows: 

I,bs. 

Lbs 

Lbs. 

Cal.       i: 

Lbs. 

Lbs. 

Cts. 

$     \  Cts. 

1st  test, 

2. 19'. 62 

15-30 

35140I7.6 

11-5 

.67 

21.7 

i.88'32.4 

2d  test, 

1.99  .60 

11.76 

28100  6.6 

10.7 

.65 

17.9 

1.67:27.5 

Group  B,  5  cows: 

1st  test, 

2. 19   .62 

15.30 

351407.6 

16.7 

■93 

21.7 

1 .30  23.3 

2d  test,       -         -         - 

2.221.65 

12.20 

2956o'6.2 

16.9 

.96 

19.0 

1. 12  19. 8 

Group  C,  3  cows: 

1st  test, 

2.19 

.62 

15.30 

35140 

7.6 

21.9 

1. 10 

21.7 

.99:19.7 

2d  test, 

2.45 

.71 

12.62 

31020 

5.8 

22.6 

1. 16 

20.1 

.89117.3 

Group  D,  5  cows: 

1st  test. 

2.19 

.62 

15.30 

351407.6 

26.9 

1. 41 

21.7 

.8ri5.4 

2d  test,     .  - 

2.69   .76 

13.06 

32500:5.5 

26.0 

1.42 

21.2 

■  82,14.9 

Average  of  herd,  17  cows: 

ist  test,      - 

2.19.62 

15.30  35140  7.6 

19.4 

1.04 

21.71.12  20.9 

2d  test. 

2.34.68 

12.42|30320:6.0 

1         1 

19.1 

1.06 

19.61.03|18.5 

The  results  of  this  experiment  are  interesting  because  of  the 
reduction  in  the  cost  of  the  ration,  and  in  the  cost  of  producing 
milk  and  butter  in  the  second  test  as  compared  with  the  first. 
In  every  group  the  cost  of  producing  loo  pounds  of  milk  and  one 
pound  of  butter  was  less  in  the  .second  test.  The  milk  and  the 
butter  yields  were  nearly  alike  in  the  two  tests,  which  would 
tend  to  show  that  the  saving  must  have  been  due  to  the 
cheaper  ration  in   the  second   test.     An  excessive  amount  of 

*  See  foot  uote  p.  84. 
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coarse  fodder  was  fed  and  the  auimals  rejected  quite  a  little  of 
it.  The  grain  feed  was  not  an  expensive  one,  as  most  of  the 
corn  was  grown  on  the  farm;  yet  a  grain  mixture  with  a  little 
larger  proportion  of  protein  seemed  to  give  better  results.  A 
considerable  saving  in  the  cost  of  producing  milk  and  butter 
was  made  in  this  experiment  wdien  from  2.20  to  2.45  pounds 
of  protein  were  fed,  as  compared  with  2.19  pounds  in  the  first 
test. 

Herd  W.  Tests  Nos.  6^  and  66. — This  was  a  large  herd  of 
about  fifty  cows,  from  which  thirty  were  selected  as  suitable 
for  the  experiment.  The  cows  were  mainly  grade  Swiss  and  a 
few  were  grade  Jerseys  and  natives.  Most  of  them  were  me- 
dium sized,  the  average  estimated  weight  being  900  pounds. 
All  but  one  had  calved  within  five  months  previous  to  the  first 
test,  and,  as  far  as  known,  none  were  due  to  calve  within  five 
months  of  the  close  of  the  second  test.  The  herd  was  kept  in 
a  high,  well  ventilated  stable,  and  was  allowed  to  exercise  in  a 
yard  in  pleasant  weather. 

The  coarse  fodder  in  the  daily  ration  of  the  first  test  con- 
sisted of  about  22  pounds  of  corn  and  soy  bean  silage  and  11. 3 
pounds  of  a  fair  quality  of  hay.  The  grain  ration  was  com- 
posed of  about  8  pounds  of  a  mixture  of  three  parts,  by 
weight,  of  flour  middlings,  one  part  of  hominy  chop  and  one 
and  one-half  parts  of  cotton  seed  meal.  It  was  supposed  that 
this  ration  would  furnish  about  2  pounds  of  digestible  protein 
daily,  but  after  samples  were  analyzed  it  was  calculated  to  con- 
tain about  2.4  pounds  of  digestible  protein  daily.  The  large 
amount  of  protein  in  the  ration  was  due,  to  a  considerable 
degree,  to  the  high  percentage  of  protein  contained  in  the  corn 
and  soy  bean  silage. 

In  the  second  test  it  w^as  thought  best  to  test  the  value  of  a 
larger  amount  of  protein  than  2.4  pounds,  and  to  increase  the 
protein  according  to  the  yields  of  butter  fat,  on  the  same  plan 
as  in  the  last  experiment  (Herd  V).  The  hay  used  in  the 
second  test  was  reduced  to  an  average  of  10  pounds  per  day. 
The  basal  grain  mixture  consisted  of  four  parts,  by  weight,  of 
wheat  bran,  two  parts  of  cotton  seed  meal  and  one  part  each 
of  hominy  chop  and  Chicago  gluten  meal.  No  second  grain  or 
protein  mixture  was  used  in  this  test,  but  the  mixture  named 
was  fed  to  different  groups  at  the  rate  of   7.5,  8.5  and  9.5 
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pounds  per  cow  daily.  In  this  way  the  protein  was  increased 
approximately  .2  of  a  pound  for  the  different  groups  according 
to  the  yields  of  butter  fat.  But  the  nutritive  ratio  was  not 
decreased  as  rapidl}^  by  this  method  of  feeding  as  in  the  cases 
where  a  protein  grain  mixture  was  used. 

Table  55. 
Summarized  results  with  herd  IV.     Tests  Nos.  64.  and  66. 

[First  test  Feb.  i8-Mar.  2,  1901.     Second  test  Mar.  18-30,  1901.] 
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Group  A,  7  cows: 

X,hs. 

Lbs 

Lbs. 

Cal. 

I: 

Lbs. 

Lbs. 

Cts.  ■    $ 

cts. 

ist  test, 

2.40 

.8t 

12.43 

30990 

5.9 

14.5 

.78 

20.1  1.39 

25.8 

2d  test. 

2.48 

•  73 

10.98 

28120 

5.1 

13.8 

.78 

18.7  1.36,24.0 

Group  B,  10  cows: 

1st  test, 

2.40 

.81 

12.43 

30990 

5.9 

18.3 

.98 

20.1  1. 10 

20.5 

2d  test,       -         -         . 

2.70 

.78 

11.36 

29440 

4-9 

17. 1 

•95 

19.8  1. 16 

20.8 

Group  C,  13  cows: 

ist  test,      - 

2.40 

.81 

12.43 

30990 

5.9 

23.3 

1. 19 

20.1     .86ii6.9 

2d  test, 

2.91 

.84 

11.74 

30S00 

4.7 

21.3 

1. 16 

20.9:    .98  18.0 

Average  of  herd,  30  cows: 

1st  test,      - 

2.40 

.81 

12.43 

3099015.9 

19.6 

1.03 

20.11.0319.5 

2d  test, 

2.74 

.79|11.44 

29710  4.8 

18.111.00 

20.01.10  20.0 

The  results  of  this  test  show  that  when  the  ration  contained 
over  2.5  pounds  of  protein  per  day  the  food  cost  of  milk  and 
butter  was  relatively  greater  than  when  2.4  pounds  of  protein 
were  used.  This  would  seem  to  indicate  that  at  the  prices 
existing  during  the  period  covered  by  these  tests  the  limit  of 
protein  feeding  for  the  most  profitable  results  is  about  2.5 
pounds  daily. 

SUMMARY. 

Fotir  herds  of  cows  were  studied  diwing  the  winter  of  i poo— 
ipoi.  Two  tests  were  made  with  each  herd,  covei'ing  periods  of 
twelve  days  each  in  all  except  one  test,  which  lasted  eleven  days. 

In  the  fi7'st  test  the  entire  herd  was  fed  the  ration  in  use  by  the 
dairyma7i,  which  usually  was  nearly  the  same  for  all  cozvs  of  the 
herd.  The  amount  of  protein  in  the  ration  varied  for  the  differ- 
ent herds  from  i.'j^  to  2.40  pounds  per  coiv  per  day. 

*  See  foot  note  p.  84. 
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/;/.  the  second  test  the  fatio)i  zcas  varied  according  to  the  yields 
of  butter  fat  produced  in  the  first  test.  Two  grain  mixtures  zvere 
used  in  this  test;  the  first  was  incltided  with  the  coarse  fodders  z>z 
what  was  called  a  basal  ration,  zvhich  was  planned  to  contai7i 
abozit  the  same  amoiint  of  p7'otei7i  as  the  average  ration  used  in 
the  first  test;  the  se.co7id  grain  mixtiwe,  called  a  proteiji  mix- 
ture, was  chiefiy  made  2ip  of  conceiitrated  nitrogenous  grain  feeds , 
combined  in  such  proportions  as  to  furnish,  in  the  different  cases, 
betzueen  .2  and  .j  of  a  pound  of  pi-otein  for  each  poitnd  of  the 
mixture.  The  plan  of  feeding  iii  this  test  was  to  nse  the  basal 
ration  uniformly  for  all  cows  in  the  test,  and  to  add  to  this  certai^i 
qitantities  of  the  pjvtein  mixture,  varyi?ig  for  the  different  cozvs 
according  to  the  average  daily  amotnit  of  butter  fat  they  had  pro- 
duced in  the  first  test. 

The  results  of  the  two  tests  with  each  of  the  fo^tr  herds  are  sum- 
marized in  the  following  table;  the  figures  in  the  table  are  aver- 
ages for  the  total  number  of  cows  in  each  test. 

Table  56. 
Summary  of  daily  rations  fed,  and  daily  milk  and  butter  yield. 


T, 
U, 
V, 

w. 


(y  O 


1st  test,  / 
2d  test,  \ 

1st  test,  \ 
2d  test,  \ 

1st  test,  [ 
2d  test,  \ 

1st  test, 
2d  test, 


Ivbs. 
750  j 

7.5-! 


800- 


goo 


59 
|6i 

:6o 
:62 

163 
(!65 

'64 
66 


Daily  Ration  per  Head 


^  i  i:s^  = 


Lbs. 

r-75 
1.90 

f-77 
2.44 

2.ig 
2.3430320 


Cal. 

27960 
24860 

29480 
29610 

35140 


2.40 
2.74 


30990 
29710 


7.6 
6.0 


8.0 

5.5 

7.6 
6.0 


17.0 
17. 1 

18.6 
19.9 


5.9  20.1 
4. 8; 20.0 


10.3 


II. 8 
11-5 
13.0 
II. 4 

II. 8 
ri.i 


Average 
Daily 


14. 1 

14-7 


Lbs.   Lbs. 

87 
94 


17-4 
18.0 

19.41 
19. 1  I 

19.6  I 

i8.i!i 


Cost  of  Food 
TO  Produce 

I  lb. 
Butter. 


100  lbs. 
Milk. 


1.07 
1 .  10 

I  .12 
1.03 

1.03 
I  .10 


QX-    Ct.     Ct 


19.5   12 
18.2  II 

19.0  12 
18.  I   10 

20.9,13 
18.5  II 

19-5   II 
20.0  II 


The  cost  of  the  average  ratio7i  was  less  i7i  the  seco7id  test  for  07ie 
herd,  p7^actically  the  sa77ie  for  two  he7^ds,  a7id  was  7no7-e  i7i  the 
seco7id  test  for  one  herd.     The  avei'age  food  cost  of  produci7ig  100 

*  Total  cost  less  value  of  obtainable  manure. 

+  On  the  assumption  that  the  amount  of  butter  that  can  be  made  is  equivalent  to 
seven-sixths  of  the  amount  of  butter  fat  produced. 
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pounds  of  milk  was  less  hi  the  second  test  for  two  herds  and  was 
more  for  the  other  two  herds.  The  average  food  cost  of  one  pound 
of  butter  was  less  in  the  cases  of  three  herds  and  more  in  the  case 
of  one  herd  in  the  second  tests. 

When  the  food  cost  of  produci7ig  milk  and  butter  is  compared  by 
groups  of  cows  fed  dijfere7it  amounts  of  protein  in  the  first  and 
second  tests,  it  appears  that  the  cost  of  producing  one  pound  of 
butter  zvas  less  in  nearly  all  g7'oups  in  the  second  test  tha7i  i7i  the 
first,  whe7i  the  amou7it  of  p7'otei7i  i7i  the  seco7id  test  was  7iot  i72ore 
tha7i  about  2.6  pou7ids  per  day.  The  gai7is  i7i  yields  a7id  p7vfit 
i7i  the  seco7id  tests  see77i  to  be  i7iost  77iarked  whe7i  the  7'esults  fro77i 
the  use  offro77i  i.p  to  2.^  poimds  of  protei7i  are  co77ipa7'ed  with 
those  fr 0771  the  tcse  of  S77ialler  qica^itities . 

The  eco7i077ty  of  feedi7ig  accordi7ig  to  the  yields  of  milk  or  buttef 
fat  depe7ids  viuch  upo7i  what  yields  are  take7v  as  a  basis.  In 
these  experi77ie7its,  whe7'e  about  2  pou7ids  of  p7^otei7i  was  used  as  a 
basal  raiio7i  for  a  yield  of  .^  of  a  pou7id  of  butter  fat  daily,  and 
the  protei7i  zvas  i7icreased  fro7n  .20  to  .2y  of  a  pou7id  for  an  i7i- 
crease  of f 7-0771  .1^  to  .20  of  a  pou7id  of  butter  fat,  the  food  cost  of 
productio7i  ivas  ge7ie7'ally  less,  imtil  the  protei7i  reached  about  2.6 
pou7ids,  tha7i  where  7i7iifor7n  7-atio7is  with  smaller  amou7its  of 
protei7i  were  used.  The  7iu77tber  of  experi77ie7its  is  too  S77iall  a7id 
the  variatio7is  i7i  the  a7nounts  of  protei7i  fed  are  too  li77iited  to  be 
used  as  a  basis  for  jiidgi7ig  the  a7nou7its  of  p7'otei7i  7ieeded  for  a 
given  yield  of  butter  fat;  but  the  i7idicatio7is  a7'e  that  the  a77iou7if 
of  protei7i  fed  sho^dd  be  betwee7i  i.p  a7id  2.^  pounds,  va7yi7ig  ac- 
cordi7ig  to  the  p7-oductive7iess  of  the  cow. 
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i:fficiency  of  a  covered  paie  in  excluding 
fieth  and  bacteria  from  miek. 

BY  W.  A.  STOCKING,  JR. 


Milk  of  good  qualit}^  should  contain  certain  proportions  of 
protein,  fats  and  carbohydrates,  and  should  be  free  from  all 
foreign  matter  and  noxious  organisms.  Its  chemical  composi- 
tion and  its  appearance,  odor  and  taste  should  remain  unchanged 
for  a  reasonable  length  of  time,  and  it  should  reach  the  con- 
sumer in  a  clean,  wholesome  condition.  Unfortunately  the 
average  milk,  as  obtained  under  ordinary  conditions,  while 
perhaps  meeting  all  requirements  as  regards  chemical  com- 
position, too  often  contains  an  appreciable  amount  of  foreign 
matter,  consisting  of  dust,  dirt,  excreta,  skin,  hair,  etc.,  which 
during  the  milking  fall  into  the  pail  from  the  air,  the  cow,  and 
the  hands  and  clothing  of  the  milker.  Not  only  is  such  con- 
tamination objectionable  in  itself,  but  the  particles  which  fall 
into  the  milk  commonly  introduce  various  species  of  bacteria 
which,  finding  an  excellent  medium  in  which  to  grow,  fre- 
quently give  serious  trouble  to  those  who  use  the  milk.  Among 
the  bacteria  thus  introduced  into  the  milk  may  be  those  which 
produce  very  undesirable  effects  in  the  products  of  creameries, 
cheese  factories,  etc.,  those  which  cause  milk  under  ordinary 
conditions  to  spoil  rapidly,  and  even  those  which  produce 
serious  illness  in  persons  who  drink  the  milk.  Having  once 
gained  access  to  the  milk  these  noxious  organisms  are  not 
easily  destro3^ed  by  any  means  that  will  not  at  the  same  time 
materially  affect  the  condition  of  the  milk  itself. 

There  is  a  rapidly  growing  demand  for  cleaner  and  more 
wholesome  milk,  both  for  direct  consumption  and  for  the  pro- 
duction of  butter,  cheese  and  other  milk  products,  and  pro- 
gressive dairymen  are  desirous  of  knowing  how  to  meet  this 
demand.  The  increasing  interest  and  importance  of  this  ques- 
tion led  the  Station  to  undertake  the  work  described  in  this 
article. 
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Various  methods  of  clarifying  milk,  such  as  straining,  filter- 
ing, sedimentation,  and  the  use  of  centrifugal  machines,  have 
been  employed  both  in  this  country  and  in  Europe.  Some  of 
these  have  been  fairly  successful  in  removing  both  dirt  and 
bacteria,  but  none  have  proved  entirely  satisfactory.  One 
important  objection  to  such  methods  of  handling  milk,  especi- 
ally in  the  small  dairy,  is  that  they  involve  considerable  time, 
and  some  of  them  additional  machinery,  and  thus  add  to  the 
cost  of  production. 

It  is  much  more  important,  however,  to  go  further  back 
than  this,  and  to  prevent  the  dirt  from  getting  into  the  milk 
at  all,  because  a  good  deal  of  it  dissolves  readily  in  the  warm 
milk  and  therefore  cannot  be  removed,  and  thus  contaminates 
the  milk  with  both  filth  and  the  bacteria  of  the  dirt.  It  is 
necessary,  therefore,  to  secure  some  means  whereb}^  the  dirt 
may  be  originally  excluded. 

It  has  been  found  that  if  the  stables  are  well  cleaned  and 
ventilated  and  exposed  to  sunlight,  if  the  cows  are  kept  well 
brushed  and  cleaned,  if  just  before  milking  the  parts  of  the 
cow  immediately  above  and  around  the  pail  are  washed,  and 
if  the  milker  is  clean  and  wears  clean  clothes  and  uses  sterile 
utensils,  the  quantities  of  dirt  and  bacteria  which  get  into  the 
milk  are  greatly  reduced. 

Devices  for  excluding  the  dirt  have  also  been  tried  in  this 
country  and  in  Europe.  One  of  the  simplest  and  most  practical 
of  these  is  a  milking  pail  with  a  cover  for  reducing  the  area  of 
the  surface  exposed  during  the  milking.  In  order  to  test  the 
efficiency  of  such  a  pail  for  keeping  out  dirt  that  would  fall  into 
an  open  pail,  the  writer  carried  on  a  number  of  experiments 
during  the  winter  of  1 901 -1902  at  the  Connecticut  Agricultural 
College.  In  connection  with  these  experiments  a  number  of 
other  observations  were  made,  the  whole  investigation  includ- 
ing: 

1.  The  efficiency  of  the  covered  pail  in  excluding  dirt  from 
the  milk. 

2.  The  relation  between  the  amount  of  dirt  in  the  milk  and 
the  keeping  property  of  the  milk. 

3.  The  relation  between  the  amount  of  dirt  in  the  milk  and 
the  germ  content. 
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4.  The  relation  of  the  germ  content  to  the  keeping  propert}^ 
of  the  milk. 

5.  A  comparison  of  the  results  obtained  with  a  covered  pail 
and  b)"  straining  milk  from  an  open  pail  immediately  after  it 
was  drawn  from  the  cow. 

The  results  of  these  experiments  are  discussed  on  the  follow- 
ing pages. 

THE  EFFICIENCY  OF  A  COVERED  PAIL  IN  EXCLUDING  DIRT. 

Two  kinds  of  milking  pail  were  used  in  these  experiments. 
One  was  a  regular  open  pail,  the  other  was  a  pail  with  a  cover 
of  special  design.^  x^n  illustration  of  the  latter  is  given  in  the 
cut  below.      It  is  an  ordinary  milk  pail  with  a  closely  fitting 


cover  which  has  an  opening  on  one  side  into  which  is  soldered 
a  funnel  four  inches  in  diameter,  having  a  wire  gauze  of  fine 
mesh  soldered  across  the  bottom.  This  funnel  extends  slightly 
above  and  below  the  cover  and  slopes  somewhat  toward  the 
side  of  the  pail.     Another  funnel,  which  is  loose,  fits  inside  of 

*Thi.s  pail  was  devised  by  Mr.  F.  H.  Stadtmuller,  of  West  Hartford,  and  is  used  by 
him  in  the  production  of  high  grade  milk.  It  is  also  used  by  Prof.  C.  L-  Beach  in  the 
dairy  of  the  Connecticut  Agricultural  College. 
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this  one.  When  the  pail  is  to  be  used  a  few  layers  of  clean 
cheese  cloth  are  placed  across  the  opening  of  the  lower  funnel 
and  the  loose  funnel  is  pushed  in  to  hold  the  cheese  cloth  in 
position.  The  whole  apparatus  is  simple  in  structure  and  can 
be  easily  cleaned. 

The  method  of  the  experiment  was  to  compare  the  amount 
of  dirt  in  samples  from  the  two  pails.  In  order  to  have  the 
conditions  as  nearlj"  uniform  as  possible  two  cows  were  chosen 
which  gave  about  equal  quantities  of  milk  and  required  about 
the  same  time  to  milk.  These  cows  stood  side  by  side  in  the 
stable,  and  were  milked  by  the  same  man  each  time.  On  one 
day  cow  No.  i  was  milked  into  the  open  pail  and  cow  No.  2 
into  the  covered  pail,  and  on  the  next  da}^  the  order  was  re- 
versed, cow  No.  2  being  milked  into  the  open  pail  and  cow 
No.  I  into  the  covered  pail. 

The  milk  in  each  pail  was  then  thoroughly  stirred  and  one 
liter  of  it  was  taken  out  for  a  sample  and  tested  for  the  amount 
of  dirt  it  contained.  For  this  work  it  was  necessarj^  to  devise 
a  method  whereby  the  amount  of  dirt  in  a  given  quantity  of 
milk  could  be  determined.  So  far  as  known  to  the  writer  no 
work  of  this  kind  has  been  done  in  this  countr3^  Some  Euro- 
pean investigators  have  made  quantitative  determinations  of 
the  dirt  in  market  milk,  and  tests  have  been  made  of  the  dif- 
ferent methods  of  clarifying  milk,  the  most  satisfactory  results 
being  obtained  b}^  the  use  of  centrifugal  machines.  The  latter 
method  was  employed  in  collecting  dirt  from  milk  in  these  ex- 
periments. 

It  is  very  difhcult  to  remove  all  the  dirt  particles  from  milk 
without  at  the  same  time  taking  out  some  of  the  ingredients  of 
the  milk,  such  as  small  masses  of  casein,  fat  globules,  etc. 
Several  methods  were  tried,  the  one  giving  the  most  satisfac- 
tory results  being  as  follows: 

The  sample  of  milk  was  heated  to  90°  F.,  and  was  then  run 
through  a  separator  the  bowl  of  which  had  also  been  warmed 
to  90°  by  running  through  it  warm  filtered  water,  the  amount 
and  temperature  of  the  v^^ater  necessary  for  the  purpose  having 
been  previously  ascertained.  The  milk  was  poured  directly 
from  the  sampling  flask  into  the  receiving  cup  of  the  separa- 
tor, thus  avoiding  any  error  that  might  arise  from  pouring  it 
through  the  supply  tank.    The  .sampling  flask  was  then  washed 
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with  warm  filtered  water,  and  this  was  also  poured  into  the 
bowl.  After  that  filtered  water  at  90°  was  run  through  in 
sufficient  quantity  to  wash  out  the  greater  part  of  the  milk 
from  the  dirt  residue.  If  the  bowl  was  running  at  the  proper 
speed  before  the  milk  was  poured  in,  and  if  the  speed  was 
maintained  till  the  overflow  had  entirely  ceased,  there  would 
be  left  in  the  bowl  a  watery  liquid  containing  the  dirt  from  the 
sample  and  a  small  percentage  of  milk;  but  when  the  work  was 
properl}^  done  there  would  be  no  fat  left  in  the  bowl  to  inter- 
fere with  the  subsequent  filtering. 

The  contents  of  the  bowl,  which  consisted  of  the  dirt  residue 
and  small  quantities  of  milk,  were  then  collected  in  a  small 
dish  b}^  means  of  repeated  washing,  and  these  were  filtered 
through  a  filter  paper  which  had  previously  been  dried  in  a 
desiccator  and  weighed.  In  order  to  free  the  residue  on  the 
filter  paper  from  all  trace  of  milk  it  was  necessary  to  wash  it 
for  several  hours  with  warm  filtered  water.  After  washing 
until  the  filtrate  showed  no  traces  of  cloudiness  the  paper  with 
the  dirt  was  again  dried  in  the  desiccator  and  weighed,  and  the 
weight  of  the  dirt  computed. 

Table  57. 

Difference  betweeii  amounts  of  dirt  in  milk  from  open  and  covered 

pails. 


Date  of  Test. 


October  15, 
October  16, 
October  17, 
October  22, 
October  23, 
November    4, 
November    5, 
November  15, 
November  16, 
November  18, 
November  16, 
November  20, 
November  21, 
November  22, 


Average,     ------      0.X103 


Weight  of  Dirt  per  I^iter 
OF  Milk. 


Gram. 

o.  1613 
o.  1410 

0.2185 
o . 0690 
0.1040 
0.1350 
o . 0600 
o. 1063 
0.1095 

O.IIIO 

o. 1200 

0.0785 
0.0835 
0.0465 


Gram. 

o .0600 
O . 0400 
0.0510 
0.0515 
0.0225 
o . 0440 
0.0360 
0.0295 
0.0480 
o . 0400 
0.0630 
o . 0090 
0.0460 
0.0300 

o . 0408 


Gram., 
o. 1013 

O.IOIO 

0.1675 
0.0175 
0.0815 
0.0910 
0.0240 
0.0768 
0.0615 
0.0710 
0.0570 
0.0695 
0.0375 
0.0165 

0.0695 


5^3 


<L1  ii 


7o 

62. 8 
71.6 
81.9 
25.4 
78.4 
67.4 
40.0 
72.3 
56.3 
64.0 
48.0 
89.0 
45.0 
36.0 

63.0 
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The  dirt  collected  in  this  way  of  course  consisted  chieflj^  of 
insoluble  materials,  because  most  if  not  all  of  the  soluble  mate- 
rial would  be  dissolved  b}'  the  use  of  so  much  warm  water  as 
is  necessary  to  wash  the  milk  out  of  the  dirt  residue,  and  in 
solution  would  be  thrown  out  of  the  separator  or  would  pass 
through  the  filter  paper.  The  table  above  gives  the  results  of 
a  series  of  tests  made  as  above  described. 

The  figures  in  the  table  show  that  on  the  average  there  was 
in  a  liter  of  milk  from  the  open  pail  o.ii  gram  of  dirt,  and 
from  the  covered  pail  0.04  gram;  indicating  that  63  per  cent, 
of  the  dirt  falling  into  the  former  pail  was  kept  out  of  the 
latter  by  the  cover. 

The  amount  of  dirt  falling  into  the  open  pail  was  not  large 
in  any  case.  The  weights  given  in  the  table  are  for  dry  dirt, 
and  for  insoluble  material  only;  but  the  total  quantities  of  dirt 
in  the  milk  were  probably  not  much  larger  than  these.  In  milk 
obtained  in  dairies  where  the  sanitary  conditions  are  poor  the 
amount  of  dirt  is  very  much  larger.  These  tests  were  made 
with  cows  kept  in  a  stable  where  the  conditions  of  cleanliness 
are  decidedly  better  than  those  of  the  average  dairy  barn. 
With  a  few  exceptions  the  milk  did  not  look  dirty  as  it  stood 
in  the  pail. 

The  reason  why  the  percentage  of  dirt  in  the  covered  pail 
was  as  large  as  was  found  can  probably  be  explained  by  the 
fact  that  the  amount  of  dirt  falling  from  the  cow  is  greatest 
directly  over  that  side  of  the  pail  on  which  it  is  necessarj'  to 
have  the  opening  in  the  cover;  so  that  the  ratio  of  the  amount 
of  dirt  falling  on  the  opening  in  the  cover  to  the  total  amount 
falling  upon  the  pail  was  probablj^  greater  than  the  ratio  of 
the  opening  in  the  covered  pail  to  the  exposed  surface  of  the 
open  pail. 

THE  RELATION  BETWEEN  THE  AMOUNT  OF  DIRT  IN  THE  MILK 
AND  THE  KEEPING  PROPERTY  OF  THE  MILK. 

Tests  were  made  of  the  keeping  properties  of  the  milk  drawn 
into  the  two  kinds  of  milking  pail,  both  pails  having  been 
thoroughly  sterilized  b}^  steam  before  the  milking.  Repre- 
sentative samples  from  each  pail  were  placed  in  sterile  vessels, 
and  were  kept  under  the  same  conditions  of  temperature,  etc., 
until  the}'  had  curdled,  and  the  lengths  of  time  until  the  curd- 
ling of  the  samples  were  compared.     As  soon  as  the  first  sample 
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had  curdled,  however,  portions  were  drawn  from  both  samples 
and  the  percentage  of  acid  in  them  was  determined  by  the  use 
of  Farrington's  alkaline  tablet  solution.  The  results  of  these 
tests  are  given  in  the  following  table: 


Table  58. 

Time  of  curdling^  and  percentage  of  acid  in  both  samples  whe7i 

the  first  one  had  curdled. 


Length  of  Time 

Percentage  of  Acid 

UNTIL  Curdled. 

IN  Milk. 

- 

Ba     \       ■ 

g 

a.d 

Date  of  Test. 

m 

eg- 

0 

0  a 

i:  ft 

u 

n 

ii^ 

<UXj 

dj 

v<=^ 

w 

V 

o-S 

P.Z. 

p-s 

P.^.                    U-. 

s  ^ 

su 

sc 

B  P. 

Ei!          S. 

oJ  0 

fi 

«  0 

ctf  0             0 

cc  0 

Hours 

Hours 

Hours 

% 

%               % 

October  23,        _         .         .         . 

25 

25 

0 

.62 

.63 

01 

October  24,        -         -         -         - 

47 

23 

24 

.46 

65     , 

iq 

October  25,        -         -         -         - 

8S 

74 

II 

.52 

62     i 

13 

October  26,         -         -         .         . 

80 

75 

5 

.38 

68     1 

30 

October  28, 

30 

30 

0 

.68 

68     ; 

00 

October  2g,         .... 

52 

47 

5 

.50 

69     j 

iq 

November  4,      - 

68 

65 

3 

.58 

63     ' 

OS 

November  5,      - 

87 

80 

7 

.56 

68 

12 

Average,     ...         - 

59 

52 

7 

•  54 

.66 

12 

In  the  first  test  in  the  table  both  samples  curdled  in  the 
same  length  of  time,  and  the  percentage  of  acid  was  practicall}^ 
the  same  in  both.  The  same  is  true  of  the  test  on  October 
28th.  In  all  the  other  tests  the  sample  from  the  covered  pail 
curdled  first,  the  average  difference  in  time  for  the  whole  eight 
tests  being  seven  hours.  The  percentage  of  acid  in  the  samples 
from  the  covered  pail  was  also  greater  in  each  case,  except 
those  already  noted,  than  in  those  from  the  open  pail,  the 
average  difference  being  .12  per  cent. 

It  has  already  been  seen  that  in  the  average  of  fourteen  tests 
the  milk  from  the  covered  pail  contained  only  about  37  per 
cent,  as  much  dirt  as  that  in  the  open  pail.  The  figures  above 
show  that  in  the  average  of  eight  tests  the  milk  from  the 
covered  pail  curdled  seven  hours  sooner  and  at  the  time  of 
curdling  contained  .12  per  cent,  more  acid  than  the  milk  from 
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the  open  pail.  The  following  table  summarizes  the  results  of 
some  tests  in  which  the  time  of  curdling  and  percentage  of 
acid  were  observed  in  samples  in  which  the  quantity  of  dirt 
was  also  determined. 

Table  59. 

Comparison  of  quantities  of  dirt ^  time  of  curdling  and  percentage 

of  acid  in  milk  from  open  a?id  covered  pails . 


Weight 

OF  Dirt  per  liter 

Time  until 

Percentage  of 

OP  Milk. 

"2 

•u  0 
Mo 

Curdled. 

Acid  in  Milk. 

Date. 

'5 

p. 

'5 
0. 

6 
0 

p  n! 

.i:p< 

11 
0 

p  c8 

a 

lU 

(U 

s.>. 

0,^ 

(LJ'd 

11 

oP- 

(u'd 

0 

11 
> 

0 
0 

0 

0.Q 

P-S 
S  0 

1— I  u 

rj    ID 

ctj  0 

5 

OJ  0 

c  > 

a)  0 

M 

^ 

^ 

'J3 

t/i  o 

Gram. 

Gram. 

Grain. 

% 

Hrs. 

Hrs. 

Hrs 

% 

% 

% 

Oct.  23, 

0.1040 

0.0225 

0.0815 

78.4 

25 

2.S 

0 

.62 

.63 

.01 

Nov.  4, 

0.1350 

0 . 0440 

0.0910 

67.4 

68 

65 

3 

.5« 

.63 

.05 

Nov.  5, 

0.0600 

0.0360 

0.0240 

40.0 

S7 

80 

7 
3 

.56 
■59 

.68 
.65 

.12 

Avg., 

0.0997 

0.0342 

0.0655 

65.7 

60 

57 

.06 

From  the  table  above  it  will  be  observed  that  while  in  the 
average  of  the  three  tests  the  milk  from  the  covered  pail  con- 
tained only  about  35  per  cent,  as  much  dirt  as  that  from  the 
open  pail,  the  former  curdled  sooner  than  the  latter,  and  at  the 
time  of  curdling  contained  a  higher  percentage  of  acid  than  the 
milk  not  curdled. 

It  would  appear  then  that  in  these  samples  the  milk  which 
contained  the  least  dirt  kept  the  shortest  time. 

THE  RELATION  BETWEEN  THE  AMOUNT  OF  DIRT  IN  THE  MILK 
AND  THE  GERM  CONTENT. 

In  several  of  the  samples  in  which  the  quantities  of  dirt 
were  determined,  tests  were  also  made  of  the  numbers  of  bac- 
teria in  the  fresh  milk  and  in  the  same  milk  after  being  kept 
fifty  hours  at  ordinary  temperature.  For  this  purpose  plate 
cultures  were  made,  as  in  the  experiments  described  by  Conn 
and  Esten  on  preceding  pages,  and  on  the  plates  the  total 
number  of  bacteria  per  cubic  centimeter  as  well  as  the  number 
of  acid  and  liquefying  organisms  were  determined.  The  fol- 
lowing table  gives  the  results  of  these  determinations: 
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The  figures  in  the  table  above  show  that  the  total  number  of 
bacteria  in  the  fresh  milk  from  the  covered  pail  averaged  about 
71  per  cent,  of  that  in  the  milk  from  the  open  pail;  the  number 
of  acid  producing  bacteria  in  the  former  averaged  about  59  per 
cent,  of  that  in  the  latter;  the  average  number  of  liquefiers  was 
nearl}^  the  same  in  the  samples  from  the  two  kinds  of  milking 
pail.  That  is,  about  -29  per  cent,  of  the  total  bacteria,  and 
about  41  per  cent,  of  the  acid  producing  organisms,  were  kept 
out  by  the  cover. 

The  quantities  of  dirt  contained  in  the  samples  included  in 
the  table  above  are  given  in  Table  57  preceding.  According 
to  the  figures  there  given,  there  was  only  about  41  per  cent, 
as  much  dirt  in  the  milk  from  the  covered  pail  as  in  that  from 
the  open  pail,  on  the  days  of  the  tests  included  in  Table  60. 

A  comparison  of  the  quantities  of  dirt  in  the  different  sam- 
ples with  the  numbers  of  bacteria  in  the  fresh  milk  would 
indicate  that  the  latter  are  not  in  proportion  to  the  former. 
Thus  while  there  was,  on  the  average,  only  about  41  per  cent, 
as  much  dirt  in  the  samples  from  the  covered  pail  as  in  those 
from  the  open  pail,  the  total  number  of  bacteria  in  the  former 
was  71  per  cent,  of  that  in  the  latter.  This  may  be  due  to  a 
difference  in  the  character  of  the  dirt  in  the  different  samples, 
being  in  the  one  case  more  soluble  perhaps,  and  thus  allowing 
a  larger  number  of  bacteria  to  become  disseminated  in  the 
milk . 

In  four  of  the  tests  the  total  numbers  of  bacteria  in  the 
samples  that  had  been  kept  at  ordinary  temperature  for  fifty 
hours  were  considerably  larger  in  the  samples  from  the  open 
pail  than  in  those  from  the  covered  pail;  in  the  third  and  sixth 
tests  the  numbers  were  very  much  larger  in  the  milk  from  the 
covered  pail,  thus  accounting  for  the  larger  average  for  the 
latter. 

In  the  first  four  tests  the  number  of  acid  producing  bacteria 
was  decidedly  larger  at  fifty  hours  in  the  samples  from  the 
open  pail  than  in  those  from  the  covered  pail.  In  the  last 
three  tests  the  organisms  had  increased  so  rapidly  in  both 
samples  that  the  numbers  could  not  be  determined  on  the 
plates. 

It  will  be  noticed  that  the  number  of  bacteria  in  the  fresh 
milk  bears  no  relation  to  the  number  in  the  milk  at  a  later 
period.     Thus  in  the  samples  from  the  open  pail  on  November 
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18  the  total  number  in  the  fresh  milk  was  30,250,  and  in  the 
same  sample  after  fifty  hours  there  were  248,750,000;  while 
on  November  21  the  number  in  the  fresh  milk  was  3,788,  and 
in  the  same  milk  after  fift}'-  hours  it  was  1,258,000,000.  Sim- 
ilarly in  the  samples  from  the  covered  pail,  in  the  fresh  milk 
on  November  18  the  total  number  of  bacteria  was  4,750,  and 
on  November  19  it  was  13,400;  but  in  the  same  samples  after 
fifty  hours  the  number  in  the  former  had  increased  to  1,121,- 
000,000,  while  in  the  latter  it  was  only  15,916,000.  Again, 
on  November  18  the  number  of  bacteria  in  the  fresh  milk  from 
the  open  pail  was  over  six  times  as  large  as  that  for  the 
covered  pail,  but  after  fiftj^  hours  the  number  in  the  latter 
sample  was  nearly  five  times  that  in  the  former. 

THE  RELATION  OF  THE   GERM   CONTENT  TO  THE  KEEPING 
PROPERTIES  OF  THE  MILK. 

In  the  samples  of  milk  included  in  Table  60  above,  tests 
were  made  of  the  percentage  of  acid  in  the  milk  that  had  been 
kept  for  fifty  hours,  and  the  length  of  time  until  the  samples 
curdled  was  noted  as  closely  as  possible;  in  some  cases  the 
curdling  occurred  during  the  night,  so  that  the  exact  time 
could  not  be  ascertained.  The  results  of  these  observations 
are  given  in  the  table  below. 

Table  61. 
Percentage  of  acid  in  milk  kept  for  ^o  hours,  and  length  of  time 

until  cu7'dli7io-. 


Date  of  Test. 


November  15, 
November  16, 
November  18, 
November  19, 
November  20, 
November  21, 
November  22, 

Average, 


Perctg.  of  Acid  in 
Milk  at  50  Hours.* 


a  . 


.27 
.29 
.67 
.56 

•  43 
.53 

•  37 

•  44 


5  > 

cd  o 
1X1  O 


% 

•  30 

.22 
•63 
.40 

•  51 

•  78 
.76 

•  51 


% 

4- •OS 

—  .07 

—  .04 

—  .16 
-i-.o8 
+  •25 
+  •39 


■07 


Time  until 
Curdled. 


a  ft 


Hrs. 

63 

52t 

54 

56 

57 

52 

76 

59 


£  ^ 
i;  p. 

P<  U 

rt  o 


Hrs. 

89t 

85 

54 

60 

55 
4ot 

54 
62 


Hrs 
26 

33 
o 

4 

2 

12 

22 


*  Samples  were  kept  at  constant  temperature  of  7o°F. 
t  These  samples  curdled  during  the  night. 
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In  three  of  the  samples  the  percentage  of  acid  was  somewhat 
smaller,  and  in  four  it  was  larger  in  the  milk  from  the  covered 
pail  than  in  that  from  the  open  pail,  the  difference  in  the  last 
two  tests  being  quite  decided.  In  the  average  of  the  seven 
tests  it  was  about  i6  per  cent,  larger  for  the  covered  pail. 

The  number  of  hours  until  the  milk  curdled  was  greater  for 
the  sample  from  the  covered  pail  in  three  tests,  less  in  three 
other  tests  and  the  same  in  one  test,  the  average  difference  be- 
ing about  three  hours. 

A  comparison  of  the  results  given  in  Tables  60  and  61  will 
give  some  indication  of  the  relation  of  the  germ  content  of  the 
different  samples  of  milk  to  their  keeping  properties.  From 
Table  60  it  may  be  seen  that  in  the  first  test  the  number  of 
bacteria  in  the  sample  from  the  covered  pail  was  15,250,  while 
the  number  in  the  sample  from  the  open  pail  was  11,525;  and 
in  Table  61  it  will  be  observed  that  the  latter  curdled  a  whole 
day  in  advance  of  the  former.  In  the  third  test  the  sample 
from  the  open  pail,  having  30,250  bacteria,  remained  uncurdled 
the  same  length  of  time  as  the  sample  from  the  covered  pail, 
which  contained  but  4,750  bacteria.  Again  in  the  last  test, 
where  there  w^as  a  relatively  small  difference  between  the  num- 
bers of  bacteria  in  the  two  samples,  there  was  a  difference  of 
twenty-two  hours  in  the  time  of  curdling.  It  would  seem  then 
from  the  results  of  these  tests  that  the  number  of  germs  present 
in  the  fresh  milk  is  but  little  indication  of  the  length  of  time 
the  milk  will  keep  before  curdling;  nor  does  the  number  of  acid 
bacteria  in  the  fresh  milk  serve  as  a  much  better  indication  of 
its  keeping  properties. 

THE   EFFICIENCY   OF  THE   COVERED  PAIL   AS  COMPARED   WITH 
STRAINING  MILK  FROM  AN  OPEN  PAIL. 

A  number  of  tests  similar  to  those  described  above  were  made 
upon  the  efficiency  of  straining  the  milk  immediately  after  it 
was  drawn.  As  soon  as  one  cow  was  milked  into  the  open  pail, 
the  milk  was  stirred  and  a  liter  of  it  taken  for  a  sample;  then 
the  rest  of  the  milk  was  strained  through  two  thicknesses  of 
fine  cheese  cloth  supported  by  a  wire  gauze  (the  same  as  that 
used  on  the  covered  pail)  and  a  liter  of  the  strained  milk  was 
taken  out  for  a  sample.  The  two  samples  were  then  tested  for 
the  amount  of  dirt  contained,  the  number  of  bacteria  in  the 
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fresh  milk  and  in  the  milk  after  standing  for  fifty  hours  at  ordi- 
nary temperature,  the  percentage  of  acid  in  the  milk  after  fifty 
hours,  and  the  length  of  time  until  the  milk  curdled.  The 
results  of  a  series  of  these  tests  are  given  in  the  following  tables. 

THE  REMOVAL  OF  DIRT  BY  STRAINING. 

The  quantities  of  dirt  in  the  milk  before  and  after  it  was 
strained  are  given  in  the  following  table. 

Table  62. 
Quantities  of  dirt  in  nzilk  before  and  after  straiiiing. 


Date  of  Test. 


November  23,  - 
November  25,  - 
November  26,  - 
November  27,  - 
November  30,  - 
December  5, 
December  6, 


Average,    ------      0.0593 


Weight  of  Dirt  per  I<iter 
OF  Milk. 


2  £< 


Gram. 

0.0245 
0.0895 
0.0555 
0.0515 
0.0725 
0.0710 
0.0505 


Gram. 

0.0020 
0.0470 
0.0495 
0.0295 
0.0360 
0.0270 
0.0310 


Gram. 

0.0225 
0.0425 
0.0060 
0.0220 
0.0365 
o . 0440 
0.0195 


0.0317  I  0.0276 


u  o 


% 

91.8 

47-5 
10.8 

42.7 
50.3 
61.9 
38.6 


46.6 


The  smallest  difference  between  the  quantities  of  dirt  in  the 
two  samples  was  on  November  26,  when  only  about  11  per 
cent,  of  the  dirt  was  removed  by  the  strainer;  the  largest  dif- 
ference was  on  November  23,  when  about  92  per  cent,  was 
removed  by  straining.  In  the  average  of  seven  tests  the  amount 
of  dirt  strained  out  of  the  milk  was  about  47  per  cent,  of  that 
in  the  milk  not  strained. 

The  amount  of  dirt  which  could  be  removed  by  the  strainer 
depended  largely  upon  the  nature  of  the  dirt.  That  in  the 
sample  of  November  23,  in  which  the  percentage  strained  out 
was  the  largest,  consisted  mainly  of  hairs,  skin  scales  from  the 
teats  and  udder,  particles  of  hay,  chaff  and  other  materials  of 
a  coarse,  insoluble  nature;  there  was  but  little  manure  or  other 
soluble  material  in  this  sample,  while  on  the  other  hand  in  the 
sample  on  November  26  where  the  percentage  strained  out  was 
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the  smallest  the  dirt  contained  a  large  proportion  of  manure 
which  became  more  or  less  disintegrated  and  dissolved  in  the 
milk  and  could  therefore  pass  through  the  strainer. 

According  to  the  results  given  in  Table  57  the  amount  of  dirt 
in  the  milk  from  the  covered  pail  was  in  the  average  of  four- 
teen tests  but  37  per  cent,  of  that  in  the  milk  from  the  open 
pail.  That  is,  63  per  cent,  of  the  dirt  that  would  fall  into  an 
open  pail  was  kept  out  by  the  cover,  whereas  in  the  tests  here 
described  only  47  per  cent,  was  removed  by  straining. 

NUMBER  OF  BACTERIA  IN  THE  MILK. 

The  total  number  of  bacteria  and  the  number  of  acid  species 
and  liquefiers  in  both  samples  of  milk  were  determined  in  the 
fresh  milk  and  again  in  several  of  the  samples  after  they  had 
been  kept  for  fift}^  hours.  The  results  of  the  tests  are  given  in 
Table  63  above. 

In  ever}^  test  but  one  the  total  number  of  bacteria  in  the 
strained  milk  was  smaller  than  that  in  the  milk  not  strained, 
the  average  being  about  1 1  per  cent,  less  in  the  former.  The 
numbers  of  acid  producing  bacteria  and  liquefiers  were  in  some 
tests  larger  and  in  others  smaller  in  the  strained  milk,  the 
number  of  acid  bacteria  averaging  about  17  per  cent,  less  than 
in  the  milk  not  strained.  In  the  milk  after  fifty  hours  the 
number  of  acid  bacteria  was  very  much  larger  in  the  strained 
milk. 

If  Table  60  is  compared  with  Table  63  to  determine  the 
relative  value  of  the  straining  and  the  use  of  the  covered  pail, 
it  will  be  seen  that  the  covered  pail  appears  to  be  somewhat 
superior.  The  cover  reduced  the  average  number  of  bacteria 
from  9,500  to  6,700  per  cubic  centimeter  in  fresh  milk,  whereas 
the  straining  had  considerable  less  influence,  reducing  it  from 
11,400  to  10,100  only,  indicating  that  straining  through  cheese 
cloth  after  milking  is  not  so  efficient  a  means  of  preventing 
the  entrance  of  bacteria  as  using  the  covered  pail. 

THE  KEEPING  PROPERTIES  OF  THE  MILK. 

After  the  milk  had  been  kept  for  fifty  hours  at  a  temperature 
of  70  °  F.  the  percentage  of  acid  was  determined  in  both  sam- 
ples; they  were  then  allowed  to  stand  until  the  milk  had  cur- 
dled, and  the  length  of  time  noted.  These  results  are  given 
in  the  following;  table. 
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Table  64. 

Percentage  of  acid  m  milk  after  ^o  hours,  and  length  of  time 

until  curdling. 


Date  of  Test. 


November  23, 
November  25, 
November  26, 
November  27, 
November  30, 
December  5, 
December  6, 

Average, 


Perctg.  of  Acid  in    Length  of  Time 
Milk  AT  50  Hours.    I  until  Curdled.. 


•  75 
.46 


.22 

•25 

.66 

.46 


79 

+ 

.04 

42 

— 

.02 

* 

*       ■ 

* 

* 

20 

— 

.02  [ 

63 

+ 

.38  i 

64 

— 

.02 

42 

57 
35 
65 
76 
89 
50 


,54   I   +.08   '   59 


42 
55 
35 
65 
66 

54 
50 


35 


*  Test  not  made. 

In  some  tests  the  percentage  of  acid  was  slightly  larger  in 
the  milk  not  strained;  in  others  it  was  larger  in  the  strained 
milk,  in  one  test  being  decidedly  larger,  and  averaging  .08  per 
cent,  larger.  The  length  of  time  until  curdling  was  the  same 
for  both  samples  in  four  tests,  but  was  greater  in  three  tests- 
for  the  milk  not  strained,  the  average  difference  being  seven 
hours.  Likewise  in  the  tests  with  the  covered  pail  the  milk 
from  the  open  pail  curdled  on  the  average  seven  hours  later 
than  the  milk  from  the  covered  pail. 

SUMMARY. 

Two  sets  of  tests  were  made.  In  the  one  case  m,ilk  drawn  into- 
an  open  pail  was  compared  with  milk  draivn  into  a  pail  with  a 
cover  devised  for  excluding  dirt  during  milking.  In  the  other 
case  milk  draw?i  i7ito  an  open  pail  was  compared  with  the  same 
milk  strained  immediately  after  the  m,ilki7ig. 

The  amount  of  dirt  in  the  milk  from  the  covered  pail  was  only 
37  per  cent,  of  that  in  the  open  pail;  while  the  amount  of  dirt  in 
the  strained  milk  was  5./  per  cent,  of  that  in  the  milk  not  st7^ained. 
The  differences  in  the  two  samples  varied  more  widely  iri  the  lat- 
ter tests  thayi  in  the  former.  In  the  strahiirig  the  amount  of  dirt 
removed  depe^ided  more  largely  upon  the  nature  of  the  dirt. 
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In  the  fresh  milk  from  the  covered  pail  the  total  mimber  of  bac- 
teria was  abo2it  yi  per  cent. ,  and  the  member  of  acid  bacte^^ia  about 
S9  ps^  cent,  of  those  in  the  fresh  milk  from  the  open  pail.  In  the 
fresh  strained  milk  the  total  number  of  bacteria  ivas  8g  per  cent, 
and  the  number  of  acid  bacteria  8j  per  cent,  of  those  in  the  milk 
not  strained. 

After  the  milk  had  stood  for  fifty  hours  at  constant  temperature 
-of  jo°  F.  the  average  for  the  total  number  of  bacteria  was  larger 
hi  the  milk  from  the  covered  pail  than  in  that  from  the  open  pail- 
while  the  average  for  the  acid  producing  species  zvas  larger  in  the 
latter  than  in  the  former.  In  the  strained  milk  both  the  total 
number  a?id  the  number  of  acid  bacteria  were  lai^ger  than  in  the 
milk  not  strained. 

The  milk  from  the  covered  pail  ciirdled  sooiier  than  that  from 
the  open  pail,  the  average  difi'ere^ice  being  about  seven  hours;  like- 
wise the  strained  milk  curdled  sooner  than  the  milk  7iot  strained^ 
the  average  dijference  being  also  about  seven  hours.  This  fact, 
however,  is  of  but  little  moment  since  any  of  these  samples  had 
they  been  kept  at  the  usual  temperatures  for  handling  milk  would 
have  remained  sweet  longer  than  milk  is  usually  kept. 

The  results  of  these  tests  woitld  seem  to  iiidicate  that  the  covered 
pail  is  more  efficieyit  for  the  production  of  pure  milk  than  straiji- 
ing  milk  draw?i  i?ito  an  open  pail.  It  is  quite  evident  also  that  to 
keep  the  dirt  out  of  the  milk  in  the  first  place  is  fnuch  better  than 
straining  it  out  after  the  m,ilking.  A  considerable  portion  of  the 
dirt  dissolves  quickly  in  the  warm  milk  and  thus  ijitroduces  a  co7i- 
tamination  that  cannot  be  strained  out. 

It  has  already  been  pointed  out  that  these  tests  were  made  in  a 
dairy  where  the  conditions  of  cleanliness  are  good.  The  amoiuit 
^f  filth  such  as  dirt,  hair,  etc.,  that  is  frequently  ronoved  by  a 
-Separator  from  7nilk  of  ordinary  dairies  as  delivered  in  cities  is 
frequeiitly  appalliiig .  It  would  be  ijiteresting  to  test  the  efficiency 
vf  the  covered  milk  pail  in  dairies  where  the  sanitary  co7iditiofis 
■are  not  so  good  as  they  were  in  these  tests. 
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FIELD  EXPERIMENTS  WITH  FERTILIZERS. 

BY  C.  S.   PHELPS. 


The  field  experiments  conducted  by  the  Station  during  igoi 
were  in  continuation  of  those  of  preceding  years.  It  has  been 
the  polic}"  of  the  Station  to  repeat  these  experiments  for  a 
number  of  years  on  the  same  sets  of  plots,  making  each  year's 
experiments  as  nearly  as  possible  duplicates  of  those  of  the 
3'ear  preceding,  in  the  belief  that  in  this  way  the  value  of  the 
results  would  be  incrreased.  The  experiments  now  in  progress 
at  the  Station  include  the  following: 

1.  Special  nitrogen  experiments  on  corn,  cow  peas  and  soy 
beans,  for  the  purpose  of  studying  the  effects  of  nitrogen  in 
different  quantities  and  combinations  when  used  as  a  fertilizer 
upon  the  yields  and  the  composition  of  the  crop. 

2.  A  soil  test  on  the  Station  land,  with  a  rotation  of  crops, 
for  the  purpose  of  studying  the  deficiencies  of  the  soil  and  the 
demands  of  different  crops  for  the  various  ingredients  of  fer- 
tilizers. 

3.  An  experiment  on  soil  improvement,  for  the  purpose  of 
comparing  the  relative  economy  of  (i)  stable  manure,  (2)  a 
"complete  chemical  fertilizer,"  and  (3)  green  manuring  alone 
and  in  connection  with  mineral  fertilizers,  for  improving  a  soil 
apparently  deficient  in  organic  matter  and  in  nitrogen. 

Accounts  of  these  experiments  are  given  in  the  annual  re- 
ports of  the  Station  year  by  year,  and  from  time  to  time  the 
results  of  the  experiments  for  a  number  of  years  are  summar- 
ized and  discussed  in  detail.*  The  present  report  gives  a  review 
of  the  work  for  1901.  The  special  nitrogen  experiments  and 
the  soil  test  are  described  in  this  article;  the  experiment  on  soil 
improvement  in  the  article  following. 


*See  Storrs  Experiment  Station  Reports,  1S92,  p.  67,  1S9S,  p.  113  and  1SS9,  p.  16S. 
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SPECIAL  NITROGEN  EXPERIMENTS. 

The  special  nitrogen  experiments  on  corn,  cow  peas  and  soy 
beans  have  been  continued  since  1S95  on  a  set  of  plots  that  had 
been  used  for  similar  experiments,  but  with  other  crops,  for  a 
number  of  years  before  this  series  was  begun.  The  purpose  of 
the  experiments  is  to  study  the  effects  of  nitrogenous  fertilizers 
upon  the  5'ields  of  the  different  crops  and  the  proportions  of 
nitrogen  in  them.  The  plan  of  the  experiments,  which  has 
been  described  in  detail  in  previous  reports,*  consists,  briefly, 
in  growing  the  several  crops  in  a  series  of  plots  all  of  which, 
except  two  without  fertilizer,  are  supplied  with  uniform  quan- 
tities of  mineral  fertilizers,  supplying  phosphoric  acid  and 
potash  in  definite  amounts,  and  with  varying  quantities  of 
nitrogenous  fertilizers  supplying  nitrogen  in  different  amounts, 
and  in  comparing  the  weights  and  the  composition  of  the  crops 
from  the  different  plots.  The  general  methods  of  the  experi- 
ment are  illustrated  and  explained  by  the  diagram  and  the  dis- 
cussion following. 

The  field  used  for  the  experiments  was  divided  into  ten  long, 
rather  narrow,  parallel  plots,  which  are  indicated  in  the  diagram 
by  the  numbers  o,  7,  8,  etc.,  at  each  end  of  the  plots.  Those 
designated  as  o  and  00  have  received  no  fertilizer  for  twelve 
years,  while  those  designated  as  6a  and  6b  have  received  each 
year  during  the  same  period  only  the  fertilizers  called  for  con- 
venience "mixed  minerals,"  which  consist  of  dissolved  bone- 
black  at  the  rate  of  320  pounds  per  acre,  equivalent  to  53 
pounds  of  phosphoric  acid,  and  muriate  of  potash  160  pounds 
per  acre,  equivalent  to  82  pounds  of  potash.  Plots  7,  8,  and  9 
have  received  in  addition  to  the  mixed  minerals  respectively 
160,  320  and  480  pounds  of  nitrate  of  soda  per  acre,  equivalent 
to  25,  50  and  75  pounds  of  nitrogen,  while  the  nitrogenous 
fertilizer  added  to  the  mixed  minerals  on  plots  10,  11  and  12 
consist  of  120,  240  and  360  pounds  of  sulphate  of  ammonia  per 
acre,  supplying  25,  50  and  75  pounds  of  nitrogen. 

The  land  on  which  these  plots  are  laid  out  has  considerable 
slope,  so  that  with  heavy  rains  there  is  some  washing  of  the 
surface  soil.  Although  this  washing  runs  mainly  lengthwise 
of  the  plots,  it  doubtless  interferes  somewhat  with  the  accurac}^ 


■  See  Reports  for  189S  and  iS 
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Diagram  ilhistrating  the  arrayigement  of  the  plots ,  the  method  of 

dividing  the  plots  into  sections,  and  the  kind 

of  crop  planted  on  each  section. 

The  plots  are  indicated  by  numbers,  the  sections  by  letters. 
EAST. 


F 


bb 


Corn. 


Soy  beans. 


Cow  peas. 


Cow  peas.  I  Soy  beans. I      Corn. 
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of  the  results.  Plans  have  already  been  made  for  experiments 
on  a  more  nearl_v  level  piece  of  land,  which  is  now  being  cropped 
without  manure  in  order  to  prepare  the  soil  for  the  purpose. 

Each  of  the  larger  plots  contains  one-eighth  acre  of  land,  and 
is  sub-divided  into  six  sections  1-50  acre  each-by  paths  crossing 
the  lots  from  east  to  west,  as  indicated  in  the  diagram.  The 
sections  on  each  plot  are  designated  by  the  letters  A-F  shown 
at  the  sides  of  plots  o  and  bb  in  the  diagram.  It  is  generally 
understood  that  the  effects  of  fertilizers  on  the  yields  of  crops 
could  probabl)^  be  more  accurately  studied  on  the  large  plots 
than  on  the  smaller  sections,  because  in  the  former  case  the 
effects  of  irregularities  of  the  soil  upon  the  yield  would  be  less 
marked.  In  these  experiments,  however,  the  effects  of  nitrogen 
of  fertilizers  upon  the  proportions  of  nitrogen  compounds  (pro- 
tein) in  the  crop  is  believed  to  be  the  more  important  question, 
and  this  can  perhaps  be  studied  as  well  upon  the  smaller  sec- 
tions as  upon  the  larger  plots.  The  advantage  gained  in  sub- 
dividing the  plots  into  sections  is  in  the  opportunity  to  study 
several  different  crops  at  the  same  time  under  like  conditions, 
thus  giving  the  results  from  one  set  of  experiments  a  wider 
application . 

The  name  of  the  crop  grown  on  each  section  is  shown  in  the 
diagram.  Two  series  of  sections,  A  and  F,  were  planted  with 
the  same  variety  of  corn;  two  series,  B  and  E,  with  soy  beans, 
and  two  series,  C  and  D,  with  cow  peas.  In  recording  the 
results  with  the  cow  peas  and  the  soy  beans  the  two  series  of 
sections  for  each  crop  were  treated  as  if  there  was  but  one 
series;  that  is,  the  yields  on  corresponding  sections  of  B  and 
E,  and  of  C  and  D,  were  added  together  and  samples  were 
taken  from  the  combined  crop.  In  the  case  of  the  corn,  how- 
ever, the  results  have  been  kept  separate,  because  lime  was 
used  on  one  of  the  two  series  of  sections  and  not  on  the  other, 
as  will  be  explained  later. 

Explanation  of  tables. — Two  tables  of  data  are  given  in  con- 
nection with  the  discussion  of  the  results  for  each  crop.  The 
first  table  in  each  case  gives  the  weight  and  cost  of  fertilizers 
per  acre,  the  weights  of  crop  per  section  and  the  calculated 
weights  per  acre,  and  the  increase  in  3'ield  from  the  sections 
with  fertilizers  over  the  average  of  the  yields  from  the  sections 
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without  fertilizer.  In  the  case  of  the  cow  peas  the  3aelds  per 
section  are  the  weights  of  the  green  crop  when  harvested. 
The  grain  of  the  corn  and  the  soy  beans  were  dried  in  the 
barn  and  weighed  when  thought  to  be  in  good  condition  for 
grinding  into  meal.  The  corn  stover  was  field  cured  and  then 
weighed,  while  the  soy  bean  straw  was  discarded  because  most 
of  the  leaves  had  dropped  off  before  the  seed  ripened,  leaving 
only  the  bare  stalks  and  the  pods. 

The  cost  of  the  fertilizers  per  acre  as  given  in  the  tables 
represents  the  cash  market  value  of  the  various  ingredients 
when  sold  in  the  form  of  raw  materials,  the  cost  of  mixing, 
transportation  and  agents'  profits  being  left  out  of  considera- 
tion. The  costs  are  calculated  from  the  weights  of  the  in- 
gredients per  acre,  as  used,  and  the  value  of  the  ingredients 
as  adopted  by  the  New  England  Experiment  Stations.  The 
valuations  of  the  different  ingredients  used  in  the  experiments 
of  1 901  were  as  follows: 

Per  Pound. 
Nitrogen  in  nitrate  of  soda,  -         -         -         -         -     14       cts. 

Nitrogen  in  sulphate  of  ammonia,         -         .         .         .     16 J^    " 
Organic  nitrogen  (in  dried  blood),        -         -         -         -     i6j4    " 

Phosphoric  acid  (soluble),    -         -         -         -         -         -       5        " 

Potash  in  muriate  of  potash,         .         .         .         .         .       41^    " 

The  second  table  in  each  case  gives  the  total  yields  of  crop 
per  acre,  the  percentages  of  water-free  substance  in  the  crop 
as  weighed  to  obtain  the  yields,  the  percentages  of  protein 
(N.  X  6.25)  in  the  dry  matter,  and  the  estimated  ^delds  of  dry 
matter  and  of  protein  per  acre.  The  amounts  of  drj^  matter 
per  acre  are  calculated  by  multiplying  the  total  weights  of  crop 
per  acre  as  harvested  b}^  the  percentage  of  dry  matter,  and  the 
amounts  of  protein  per  acre  are  calculated  by  multiplying  the 
estimated  weight  of  dry  matter  per  acre  in  the  crop  from  the 
various  sections  by  the  corresponding  percentages  of  protein. 
The  last  two  columns  show  the  percentages  of  the  yields  of  dry 
matter  and  of  protein  for  each  section  when  the  yields  from 
the  sections  of  the  mineral  plots  are  taken  as  a  basis  (100). 

Chemical  analyses. — The  only  chemical  determinations  made 
were  those  of  moisture  and  total  nitrogen.  Water-free  sub- 
stance was  estimated  by  difference.  The  total  protein  was 
estimated  from  the  total  nitrogen  by  multiplying  by  the  factor 
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6.25.  This  factor  has  been  commonly  used  b}'  chemists  on  the 
assumption  that  protein  substances  in  general  contain  prac- 
ticalh'  16  per  cent,  of  nitrogen,  although  it  is  understood  that 
the  percentage  of  nitrogen  varies  and  that  not  all  the  nitrogen 
present  is  in  the  form  of  true  proteids.  In  these  experiments 
no  attempt  has  been  made  to  separate  the  true  proteids  from 
the  non-proteid  compounds,  nor  has  the  possible  presence  of 
nitrates  been  taken  into  account  in  estimating  }aelds  of  protein. 
The  amount  of  non-proteid  or  non-albuminoid  compounds  is 
usualh"  quite  small  in  crops  of  this  class,  and  the  chemical 
methods  in  use  for  separating  them  from  the  true  proteids  are 
not  satisfactory.  Tests  for  nitrates  were  made  in  connection 
with  the  analyses  of  the  crops  from  the  field  and  pot  experi- 
ments in  1900,  but  only  traces  were  found.  It  seems  probable 
that  in  field  experiments  where  only  moderate  quantities  of 
nitrogenous  fertilizers  are  used  the  presence  of  nitrates  in  the 
crop  may  be  safely  left  out  of  account.  For  these  reasons, 
and  also  because  the  use  of  the  factor  6.25  is  believed  to  be 
sufficientl}^  accurate  for  practical  purposes,  protein  has  been 
estimated  in  this  way,  in  order  that  the  results  of  these  experi- 
ments may  be  directly  comparable  with  those  reported  in  pre- 
vious years,  in  which  the  same  factor  was  employed. 

EXPERIMENTS  WITH  CORN. 

As  shown  in  the  diagram  on  page  124,  corn  is  grown  on  the 
two  series  of  sections  lettered  A  and  F.  The  same  kind  of 
corn,  a  Rhode  Island  white  cap,  is  grown  on  both  series  of 
sections.  Seed  is  saved  each  year  from  each  section  for  plant- 
ing on  the  same  section  the  following  year.  The  original  seed 
planted  on  series  F"  was  obtained  at  the  beginning  of  the  ex- 
periment in  1895,  and  that  used  on  series  A  was  obtained  from 
the  same  farmer  in  1898. 

Previous  to  1898  both  series  of  sections  had  been  fertilized 
alike.  It  had  been  observed,  however,  that  the  corn  did  not 
seem  to  thrive  as  well  on  the  plots  supplied  with  sulphate  of 
ammonia,  where  the  largest  quantities  were  used,  as  on  those 
supplied  with  nitrate  of  soda,  although  the  quantities  of  actual 
nitrogen  correspond  in  the  two  series  of  plots.  It  was  thought 
that  the  cause  for  the  poorer  growth  on  the  sulphate  plots 
might  be  possibly  a  deleterious  acidit}^  of   the  soil,   resulting 
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perhaps  from  the  acid  residue  left  behind  when  the  nitrogen 
was  taken  from  the  sulphate  of  ammonia.  It  was  also  thought 
that  such  an  acidity  might  be  corrected  b}^  lime.  In  accord- 
ance with  these  hypotheses,  40  pounds  of  air  slacked  lime  was 
applied  in  1898  on  each  section  in  series  A,  but  none  on  series 
F.  The  purpose  of  applying  lime  upon  all  the  plots  in  the 
series  was  that  the  comparison  might  be  made  as  usual  between 
the  yields  from  the  different  plots,  and  the  purpose  of  applying 
lime  to  one  series  of  sections  and  not  to  the  other  was  that  the 
effects  of  the  lime  might  be  observed  in  comparing  the  yields 
from  the  two  series  upon  which  the  conditions  were  similar  in  all 
respects  except  for  the  application  of  the  lime.  A  comparison 
of  yields  from  the  sections  with  the  lime  with  those  from  the 
sections  without  lime  is  given  beyond  in  the  discussion  of  the 
yields  of  corn. 

Table  65. 
special  nitrogen  experiments  on  white  flint  corn 

(SERIES  A). 

Weight  and  cost  of  fertilizer  per  acre,  total  crop,  and  iyicrease  of 

crop  over  that  of  nothi7ig  plots. 
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field  experiments  with  fertilizers. 
Table  66. 
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(SERIES  F). 

Weight  and  cost  of  fertilizers  per  acre,  total  crop,  and  increase  of 
crop  over  that  of  nothing  plots. 
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THE  AMOUNTS  OF  NITROGEN  IN  THE  FERTILIZER  AND  THE 
TOTAL  YIELDS  OF  CROP. 

Tables  65  and  66  give  the  weight  and  cost  of  fertiHzer  per 
acre  as  used  on  the  different  plots,  the  yields  of  corn  and  stover 
per  section  and  the  calculated  yields  per  acre,  and  the  increase 
in  yield  of  grain  o  n  the  fertilized  sections  over  the  average  of  the 
yields  on  the  two  sections  without  fertilizer.  Table  65  gives 
the  results  from  sections  of  series  A,  and  Table  66  those  from 
sections  of  series  F.  The  yields  per  section  there  given  are  the 
weights  of  the  crops  as  determined;  the  yields  per  acre  are  cal- 
culated from  these  and  the  .size  of  the  sections.  The  last  col- 
umn of  the  table  shows  the  effects  of  the  different  fertilizers  on 
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the  yields  of  grain  b}^  the  increase  of  the  yield  per  acre  obtained 
on  the  fertilized  sections  over  the  average  of  the  yield  from  the 
sections  of  the  two  plots  not  fertilized. 

The  yields  on  the  sections  of  plots  o  and  oo  were  of  course 
very  light,  as  these  plots  have  had  no  fertilizer  for  the  past 
twelve  years.  The  yields  on  the  sections  of  plot  o  were  espe- 
cially light,  practically  no  ears  developing;  this  was  probably 
due  in  part  to  the  fact  that  the  soil  on  this  plot  had  washed 
considerably  as  a  result  of  severe  rains  during  the  previous 
winter.  A  similar  condition  seems  to  have  affected  the  5delds 
on  plot  7,  next  to  plot  o.  The  ground  was  more  sloping  on 
these  plots  than  on  most  of  the  others. 

The  yields  obtained  on  the  sections  of  plots  6a  and  6b,  sup- 
plied with  mineral  fertilizer  (phosphoric  acid  and  potash),  were 
considerably  better  than  those  obtained  where  no  fertilizer  was 
used.  These  plots  have  not  been  supplied  with  nitrogen  in  the 
fertilizer  since  the  field  was  first  laid  out  for  experiments  in 
1890.  The  lack  of  available  nitrogen  in  the  soil  caused  a  pale 
yellow  color  in  the  crop  during  the  season  of  growth,  and  re- 
sulted in  a  small  yield  of  ears.  The  growth  of  stover  does  not 
seem  to  have  been  much  less  on  these  sections  than  on  those 
where  nitrogen  was  used;  but  while  the  5'ields  of  stover  aver- 
aged as  much  as  on  several  of  the  plots  supplied  with  nitrogen 
in  addition  to  the  minerals,  the  yields  of  grain  were  very  much 
less  than  on  most  of  the  plots  having  nitrogen. 

The  plots  supplied  with  nitrogen  w^ere  in  two  groups  of  three 
plots  each,  the  successive  plots  in  each  group  receiving  respect- 
ivel}^  25,  50  and  75  pounds  of  nitrogen  per  acre,  in  addition  to 
the  mineral  fertilizers  which  were  uniform  for  all  fertilized 
plots.  In  one  group — plots  7,  8  and  9 — the  nitrogen  was  sup- 
plied in  nitrate  of  soda,  and  in  the  other  group — plots  10,  11 
and  12 — in  sulphate  of  ammonia.  On  both  series,  A  and  F, 
the  yields  on  the  sections  of  plot  7,  where  the  smallest  rations 
of  nitrate  of  soda  were  used,  were  quite  light,  being  very  much 
less  than  on  the  corresponding  sections  of  plot  10  where  the 
same  quantity  of  nitrogen  was  used  in  the  form  of  sulphate  of 
ammonia.  This  is  perhaps  due  in  part  to  the  fact  that  the  soil 
on  plot  7  was  washed,  as  was  pointed  oiit  above.  On  the  sec- 
tions of  plots  8  and  11,  where  50  pounds  of  nitrogen  per  acre 
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was  used,  there  was  quite  a  marked  increase  in  the  yields, 
whether  the  nitrogen  was  suppHed  in  nitrate  of  soda  or  in  sul- 
phate of  ammonia.  As  in  the  case  of  plots  7  and  10,  however, 
the  largest  3neld  was  again  from  the  sections  with  the  sulphate 
of  ammonia;  this  unusual  condition  may  possibl}''  be  due  to  the 
wetness  of  the  season,  resulting  in  a  greater  leaching  and  loss 
of  the  nitrate  than  of  the  sulphate.  On  the  sections  of  plots  9 
and  12,  where  the  largest  rations  of  nitrogen  were  used,  the 
yields  of  grain  were,  with  one  exception,  the  largest  of  those 
on  any  of  the  sections.  The  gradual  increase  in  yields  corre- 
sponding to  the  amounts  of  nitrogen  used  points  out  the  import- 
ance of  this  element  in  the  growth  of  corn.  It  is  of  interest  to 
note,  however,  that  the  yields  were  everywhere  less  than  on 
the  corresponding  sections  in  igoo.  This  was  probably  due  to 
the  character  of  the  season  in  1901,  the  exceptionally  heavy 
rains  which  characterized  it  probabl}^  favoring  the  leaching  out 
of  the  more  soluble  fertilizing  ingredients,  especially  the  nitro- 
gen, while  in  1900  the  season  was  drier  and  the  storms  were 
not  generall}'  characterized  by  heavy  rainfalls.  However,  the 
yields  obtained  in  the  experiments  of  the  later  years  are  in 
general  smaller  than  those  of  earlier  5''ears.  This  difference 
may  be  due  in  part  to  the  absence  of  organic  matter  in  the  soil 
which  when  present  would  tend  to  retain  the  nitrogen  until 
the  crop  could  use  it.  This  lack  of  organic  matter  is  suggested 
by  the  fact  that  for  twelve  years  the  soil  has  been  supplied 
with  chemical  fertilizer  onl}^,  and  as  very  little  organic  matter 
was  supplied  the  amount  previously  in  the  soil  has  probably 
been  gradually  reduced  as  the  period  of  the  experiment  was 
extended. 

Comparison  of  yields  from  sections  with  and  without  lime. — 
From  the  results  in  Table  66  it  will  be  observed  that  while  the 
yields  from  sections  F  of  plots  10  and  11,  with  the  small  and 
medium  amounts  of  nitrogen  in  sulphate  of  ammonia,  were 
considerably'  greater  than  those  from  the  corresponding  sec- 
tions of  plots  7  and  8  with  the  same  quantities  of  nitrogen  in 
nitrate  of  soda,  the  yield  from  section  F  of  plot  12  with  the 
large  amount  of  nitrogen  in  sulphate  of  ammonia  was  con- 
siderably less  than  that  from  section  F  of  plot  9  with  the  same 
amount  of  nitrogen  in  nitrate  of  soda.      Inasmuch  as  the  two 
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groups  of  plots  thus  compared  are  fertilized  exactly  alike,  ex- 
cept that  the  source  of  nitrogen  in  one  case  is  nitrate  of  soda 
and  in  the  other  sulphate  of  ammonia,  the  yields  from  the 
corresponding  plots  of  the  groups  might  be  expected  to  cor- 
respond somewhat  more  closely  than  is  here  indicated,  provided 
the  fertilizers  used  had  like  beneficial  action  on  the  growth  of 
the  crops.  It  has  alreadj^  been  explained  that  the  differences 
in  the  experiment  of  1901  between  the  3aelds  from  plots  7  and 
8  and  those  from  plots  10  and  11  are  very  unusual,  and  are 
probably  due  to  the  character  of  the  season.  The  discrepancies 
pointed  out  between  the  yields  from  plots  9  and  12  are  quite 
usual,  however,  from  which  it  would  seem  that  the  h3^pothesis 
on  a  preceding  page  that  a  deleterious  aciditj-  of  the  soil  re- 
sulted from  the  use  of  large  amounts  of  sulphate  of  ammonia 
would  seem  to  be  reasonable.  The  effect  of  the  application  of 
lime  for  the  correction  of  this  acidity  of  the  soil  may  be  seen 
by  comparing  the  results  tabulated  below. 

Table  67. 

Comparison  of  yields  of  corn  and  stover  from  sections  with  a?id 

without  lime. 


s 

0 
d 

Yields  per  Acre. 

Fertilizers. 

Series  F. 
Without  Lime. 

Series  A. 
With  Lime. 

X.  u 
•Si 

> 
0 

■  m 

■5  '0 

X.  0 
03 

> 

0 

to 

Nitrate  of  Soda  group,  -         -         - 
Sulphate  of  Ammonia  group, 

(    Q 
(  12 

8.9 

24.1 

35.7 
28.6 

35-7 
21.4 

1725 
1875 
1775 

2500 

2275 
1075 

II. 6 

29.5 
40.2 

28.6 
44.6 

48.2 

2225 
2550 

2400 

2850 
3300 
3600 

From  the  results  summarized  in  the  table  above  it  will  be 
seen  that  while  the  yield  from  section  of  plot  12  with  the 
largest  quantity  of  nitrogen  in  sulphate  of  ammonia  was  smaller 
than  that  from  plot  9  with  the  same  quantity  of  nitrogen  in 
nitrate  of  soda,  the  yield  from  section  A  of  plot  12,  upon  which 
the  lime  was  applied,  was  larger  than  that  from  the  corre- 
sponding section  of  plot  9,  also  with  the  lime.     This  would 
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seem  to  indicate  that  the  apphcation  of  the  Hme  to  the  soil 
with  the  large  quantit}^  of  the  sulphate  was  beneficial.  It  will 
be  noticed,  however,  that  in  all  cases  except  one  the  yields 
were  greater  on  the  sections  of  series  A  than  on  corresponding 
sections  of  series  F,  which  would  suggest  that  the  lime  had 
some  direct  beneficial  effect  upon  the  fertility  of  the  soil,  in 
addition  to  its  action  in  neutralizing  acidity;  for  on  the  nitrate 
of  soda  plots  the  residue  from  the  nitrate  in  accumulating 
would  tend  to  cause  an  alkaline  rather  than  an  acid  condition 
of  the  soil. 

The  results  seem  to  favor  the  hypothesis  that  a  soil  may 
become  injuriously  acid  by  the  continued  use  year  after  j^ear 
of  large  quantities  of  sulphate  of  ammonia,  and  that  lime  may 
be  employed  to  correct  the  acidit5^  They  also  seem  to  indi- 
cate that  lime  may  often  prove  beneficial  in  other  ways  than  in 
the  correction  of  acidity  of  the  soil,  especially  where  commer- 
cial fertilizers  have  been  used  for  a  long  time  without  stable 
manure  or  organic  material. 

The  amoiaiis  of  nitrogen  in  the  fertilizer  and  the  proportio7is 
of  protein  in  the  crop. — The  results  given  in  Tables  68  and  69 
show  the  effects  of  the  fertilizer  on  the  yields  of  dry  substance 
of  the  crop,  and  on  the  proportions  and  yield  of  protein.  They 
are  intended  to  show  particularly  the  effects  of  the  nitrogen  in 
the  fertilizer  on  the  yields  of  protein  and  its  influence  on  the 
feeding  value  of  the  crop.  The  data  included  in  the  tables  are 
the  yields  of  crop  per  acre  as  harvested,  the  percentages  of  dry 
matter  and  of  protein,  and  the  calculated  yields  of  dry  matter 
and  of  protein  per  acre.  In  the  last  two  columns  of  the  table 
the  yields  of  dry  matter  and  of  protein  per  acre  from  the  plots 
where  the  different  amounts  of  nitrogen  were  used  in  addition  to 
the  minerals  are  given  in  percentages  of  the  average  of  yields 
from  the  two  plots  where  only  mineral  fertilizers  were  used. 
This  gives  an  opportunity  to  observe  the  effect  of  nitrogen  on 
the  total  yields  of  protein. 

In  discussing  the  results  it  has  seemed  best  to  omit  the  con- 
sideration of  plots  where  no  fertilizers  were  used,  as  the  results 
are  probably  abnormal.  The  percentages  of  nitrogen  in  the 
crops  grown  without  fertilizer  were  in  some  cases  greater  than 
where  fertilizers  were  used.     This  seems  to  have  been  due  to 
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TaSle  68. 

SPECIAL   NITROGEN   EXPERIMENTS   ON  WHITE   FLINT   CORN 

(SERIES  A). 
Peixentages  and  pounds  per  acre  of  dry  matter  and  of  protein  in  the 

graiji  and  stover. 


Fertilizers  per  Acre. 


ba 


Kind. 


o      Nothing, 


I,bs. 


tb 


(  Mixed  Min's,  as  No.  6«, 
i  Nit.  of  Soda  (25  lbs.  N.), 


Mixed  Min's,  as  No.  6rt, 
Nit.  of  Soda  (50  lbs.  N.), 

j  Mixed  Min's,  as  No.  6«, 
]  Nit.  of  Soda  (75  lbs.  N.), 

(  Dis.  Bn-bl'k,  [  Mixed 
(  Mur.  of  Pot.,  S  Mn'ls, 

\  Mixed  Min's,  as  No.  6a, 
]  Sul.  of  Am.  (25-lbs.  N.), 

j  Mixed  Min's,  as  No.  ba. 
\  Sul.  of  Am.  (50  lbs.  N.), 

Mixed  Min's,  as  No.  ba 
Sul.  of  Am.  (75  lbs.  N.) 


Nothing, 


Mixed  Min's,  as  No.  ba. 


480  \ 
160  1 


320 


480 


320 
160 


480 

120 

480 
240 

480 
360 


480 


Grain, 

Stover, 

Total, 

Grain, 

Stover, 

Total, 

Grain, 

Stover, 

Total, 

Grain, 
Stover, 
Total, 

Grain, 
Stover, 
Total, 

Grain, 

Stover, 
Total, 

Grain, 
Stover, 
Total, 

Grain, 

Stover, 
Total. 

Grain, 

Stover, 

Total, 

Grain, 
Stover, 
Total, 


■?.  p- 


I,bs. 

25 
575 
600 

650 
2225 
2875 

1650 
2550 
4200 

2250 
2400 
4650 
850 
1575 
2425 

1600 
2850 
4450 

2500 
3300 
5800 

2700 
3600 
6300 

525 

750 

1275 

1450 
2450 
3900 


% 

85.0 
70.1 

82.8 
56.2 

.  1 

64.4 

81.8 
71-3 

82.6 
61.2 


Lbs. 
21.3 
403- 

424.4 

53S.2 
1250.5 
1788.7 

1321.7 
1642.2 
2963.9 

1840.5 10.2 
1711.2  6.1 
3551.7  - 


bl  .9 
50.2 


!tax 


:o.4 

8.3 

9.1 

5-3 


10.2 
6.1 


702. 1 

Q63.9 

1666.0 

1310.4 
1430.7 
2741.1 


87.72192.5 

56.911877.7 

-   4070.2 


7Q.5 

65.7 

84. 1 
76.8 

81.2 
71.9 


2146 

2365 
4511.7 

441.5 

576.0 

1017.5 

1177.4 
1 76 1. 6 
2939.0 


8.3 
5.2 

8.2 
5.6 


10. 1 

6.5 


9.3 

6.3 


"i_  o  P  tiJ    • 
*jt3  "  1-  1-  tn 


q  a 


Lbs. 
2.2 

33-5 
35.7 

49.0 

66.3 

115.3 

134.8 
roo.2 
235.0 

187.7 
104.4 
292.1 

44.3 
50.1 
94.4 

107.5 

80.1 

187.6 

221 .4 
122. 1 
343.5 

199.6 
149.0 
348.6 


% 

2.3 
29.6 
18.4 


10. o  44.2 
9.4  54 
—  98.3 


8.2 

5.0 


96.5 

88.1 
184.6 


57 
91 
77.7 

140.6 
120.6 
102.7 

195.8 
125  .6 
154.3 


139-4 
104.9 
119.1 


% 

3-1 
48.5 
25.6 

69.6 

95.9 
82.7 

191-5 
145.0 
168.5 

266.6 
151. 1 
209-4 


152-7 
115. 9 
134.5 


33-3  314.5 
137.81176.7 

176.8'246.3 


228.4 
173.6 
196.0 

47.0 
42.3 
44.2 


283.5 

215.6 

249.9 

62.8 

78.4 

70.5 


*  The  average  of  the  yields  on  plots  6a  and  bb  is  here  taken  as  100  for  comparison. 
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Table  69. 
special  nitrogen  experiments  on  white  flint  corn 

(SERIES  F). 
Percentages  and  pounds  per  acre  of  dry  matter  and  of  protein  in   the 

^raiji  and  stover. 


Fertilizers  per  Acre. 

(i 
0 

0 
'0 

a 
_o 

0 

> 

0  ca    . 

0 

p. 

Kind. 

■53 

u 
0 

T3     .  10 
^  ^-  ^. 
.;:;  a;  \o 

.S  rt  X 

0     '^ 

Ph  0       >> 

0 

fits 

a 

a 

"St 
■*-t 
p 

CM 

Lbs. 

Lbs. 

% 

Lbs. 

% 

Lbs. 

% 

% 

0 

Nothing,     -         -         - 

-1 

Grain, 
Stover, 
Total, 

100 

650 

750 

86.1 
68.6 

86.1 
445.9 
532.0 

9.5 
6.1 

8.2 

27.2 
35.4 

15.0 
37.1 
30.0 

15.7 
45.3 
31.5 

7 

\  Mixed  Min's,  as  No.  6a, 
]  Nit.  of  Soda  (25  lbs.  N.), 

480  i 
160  1 

Grain, 
Stover, 
Total, 

500 
1725 
2225 

85.1 
63.8 

425.5 
I 100. 6 
1526.1 

9-5 
4.6 

40.4 
50.6 
91.0 

74-2 
91.5 
86.0 

77.2 
84.2 
81.0 

8 

(  Mixed  Min's,  as  No.  6fl, 
]  Nit.  of  Soda  (50  lbs.  N.), 

480  i 
520  1 

Grain, 
Stover, 
Total, 

1350 
1875 
3225 

83.8 
76.1 

1131.3 
1426.9 
2558.2 

9-5 
4.6 

107.5 

65.6 

173.1 

197.3 
118. 7 
144.1 

205.5 
109.2 
154.1 

9 

j  Mixed  Min's,  as  No.  6a, 
]  Nit.  of  Soda  (75  lbs.  N.), 

480  j 
480  1 

Grain, 
Stover, 
Total, 

2000 
1775 

3775 

83.9 
74-7 

1678.0 
1325.9 
3003.9 

9.8 
5.6 

164.4 

74-3 

238.7 

292.7 
no. 3 
169.2 

314.3 
123.6 
212.6 

6a 

j  Dis.  Bn-bl'k,  \  Mixed    S   320  \ 
\  Mur.  of  Pot.    \  Min'ls,  \    160") 

Grain, 
Stover, 
Total, 

625 
1850 
2475 

82.4 
65.0 

515.0 
1202.5 
1717.5 

9.5 
5.0 

48.9 

60.1 

109.0 

* 
* 
* 

* 

* 

10 

j  Mixed  Min's,  as  No.  6a, 
\  Sul.  of  Am.  (25  lbs.  N.), 

480  j 
120  ] 

Grain, 
Stover, 
Total, 

1600 
2500 
4100 

82.5 
64.9 

1320.0 
1622.5 
2942.5 

9.2 

4'.  8 

121. 4 

77.9 

199.3 

230.2 

134.9 
165.8 

232.1 
129.6 
177.5 

II 

j  Mixed  Min's,  as  No.  6a, 
1  Sul.  of  Am.  (50  lbs.  N.), 

480  i 
240  1 

Grain, 
Stover, 
Total, 

2000 
2275 
4275 

80.7 
62.3 

1614.0 
1417.3 
3031.3 

9.2 

6.8 

77.9 
96.4 

174.3 

281.5 
117. 8 
170.8 

148.9 
160.4 
155.2 

12 

j  Mixed  !Min's,  as  No.  6a, 
\  Sul.  of  Am.  (75  lbs.  N.), 

480  i 
360  1 

Grain, 
Stover, 
Total, 

1 100 
1075 
2175 

81.8 
73.7 

899.8 

792.3 

1692.1 

9.9 
9-3 

89.1 

73.7 

162.8 

155.2 
65.9 
95.3 

170.4 
122.6 
145.0 

00 

Nothing,     -         -         - 

-1 

Grain, 
Stover, 
Total, 

400 

850 

1250 

85.6 
71.4 

342.4 
606.9 

949.3 

8.8 
8.3 

30.1 
50.4 
80.5 

59-7 
50.5 
53.5 

57.6 
S3. 9 
71.7 

63 

Mixed  Min's,  as  No.  6a, 

480 -; 

Grain, 
Stover, 
Total, 

750 
2000 
2750 

84.2 
60.1 

631.5 
1202.0 
1833.5 

8.8 
5.0 

55.6 

60. 1 

115.7 

* 
* 
* 

* 
* 

*  The  average  of  the  yields  on  plots  6a  and  65  is  here  taken  as  100  for  comparison. 
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the  fact  that  the  crop  on  these  plots  never  reached  full  maturity, 
owing  to  a  lack  of  available  plant  food.  Under  such  conditions 
the  percentages  of  nitrogen  are  usually  higher.  This  has  been 
explained  in  previous  reports*  and  need  not  be  enlarged  upon 
here. 

With  one  exception  the  percentages  of  protein  in  the  crops 
from  the  sections  of  the  mineral  plots  were  lower  than  in  the 
crops  from  sections  of  the  plots  supplied  with  nitrogen.  For 
this  reason,  and  because  the  yields  of  crop  were  small,  the 
total  3aelds  of  protein  on  the  sections  supplied  with  only  min- 
eral fertilizers  were  light.  The  averages  of  the  yields  of  dry 
matter  and  of  protein  obtained  on  these  sections  are  used  as  a 
basis  in  discussing  the  yields  on  plots  supplied  with  nitrogen. 

It  will  be  noticed  that  in  the  majority  of  cases  the  percent- 
ages of  protein  in  the  crop  on  sections  supplied  with  nitrogen 
were  higher  than  in  the  crop  from  areas  where  the  minerals 
only  were  applied;  the  percentages  of  protein,  however,  in 
manj^  cases  did  not  correspond  with  the  quantities  of  nitrogen 
used  as  fertilizer;  in  other  words,  there  was  not  a  regular  in- 
crease in  protein  as  the  nitrogen  was  increased.  The  irregu- 
larities in  this  respect  were  much  more  noticeable  than  in  some 
seasons  in  the  past.  For  example,  in  the  experiment  on  this 
field  in  1900  the  percentages  of  protein  were  increased  corres- 
pondingly with  the  amounts  of  nitrogen  used  as  fertilizer  in 
ever}^  case  except  where  the  largest  amounts  of  nitrogen  in  the 
form  of  sulphate  of  ammonia  were  used,  and  the  irregularity  in 
this  case  might  perhaps  be  accounted  for  b}^  abnormal  condi- 
tions caused  bj^  an  acidity  of  the  soil.  The  irregularity  in  the 
percentages  and  yields  of  protein  in  the  experiments  of  igoi 
may  have  been  caused  by  the  unusually  wet  season.  This  con- 
dition was  pointed  out  in  the  case  of  the  yields  of  the  crop,  and 
it  seems  reasonable  to  assume  that  the  percentages  of  protein 
might  have  been  affected  by  the  same  condition. 

By  examining  the  relative  yields  in  the  last  two  columns  in 
Tables  68  and  69  it  will  be  noticed  that  in  many  cases  on  the 
sections  supplied  with  nitrogen  the  yields  of  protein  increased 
more  rapidly  than  the  yields  of  the  dry  matter.  This  points 
to  the  conclusion  that  the  nitrogen  in  the  fertilizer  tends  to 

*See  discussion  of  the  results  of  analysis  of  "good"  and  "  poor  "  corn,  page  2S, 
Report  of  this  Station  for  1890. 
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increase  the  proportion  of  protein  relatively  more  than  it  does 
the  yields  of  dry  matter.  The  comparative  yields  show,  too, 
the  great  advantage  in  using  nitrogenous  fertilizers  for  the 
purpose  of  increasing  the  feeding  value  of  the  crop.  By  their 
use  both  the  yields  of  total  crop  and  the  proportions  of  nitrogen 
and  of  protein  in  the  crop  are  increased. 

EXPERIMENTS  WITH  COW  PEAS. 

By  reference  to  the  diagram  on  page  124  it  may  be  seen  that 
the  two  series  of  sections  adjoining  each  other  and  designated 
as  C  and  D  were  used  for  the  experiments  with  cow  peas.  The 
results  obtained  on  the  corresponding  sections  have  been  com- 
bined and  the  data  reported  as  if  obtained  from  sections  one 
twenty-fifth  acre  each.  The  Whippoorwill  variety  of  cow  peas 
was  grown.  As  most  varieties  of  this  crop  do  not  mature  seed 
in  this  climate,  new  seed  must  be  obtained  each  year  from  fur- 
ther south.  The  crop  is  harvested  before  or  near  the  time  of 
blossoming,  and  is  used  for  fodder. 

The  amounts  and  cost  of  fertilizers  per  acre,  the  yields  of 
crop  per  section  as  harvested  and  the  calculated  yields  per  acre, 
and  the  increase  in  3deld  on  the  fertilized  plots  over  the  average 
of  the  yields  from  the  two  plots  where  no  fertilizer  was  used, 
are  given  in  Table  70.  The  percentages  and  amounts  of  dry 
matter  in  the  crop  as  harvested,  and  the  percentages  and 
amounts  of  protein  in  the  dry  matter,  which  are  usually  re- 
ported, are  here  omitted.  Samples  for  analysis  were  taken  as 
usual  when  the  crop  of  1901  was  harvested,  but  because  the 
heater  for  operating  the  large  drier  was  not  in  order  the  sam- 
ples could  not  be  dried  by  heating;  instead  of  this  they  were 
spread  out  thinly  in  a  large  room,  but  owing  to  continued  wet 
weather  they  moulded  seriously  before  they  dried,  so  that  it 
was  deemed  best  not  to  analyse  them. 

The  amojints  of  nitrogen  in  the  fertilizer  and  the  total  yields 
of  the  crop. — From  the  results  given  in  Table  70  it  will  be  seen 
that  the  yields  per  acre  as  calculated  from  the  data  for  the  dif- 
ferent sections  are  very  irregular.  On  the  whole,  however, 
the  indication  is  that  the  nitrogenous  fertilizer  had  very  little 
effect  on  the  yields.  The  best  yield  of  any  section  was  obtained 
from  one  of  the  plots  ifb)  supplied  with  mineral  fertilizers 
only,  while  the  yield  on  the  other  mineral  plot  (6^)  was  equal 
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to  the  average  of  the  yields  on  all  the  plots  supplied  with  ni- 
trogen in  addition  to  the  mineral  fertilizers.  The  results  this 
year,  as  in  the  past,  point  to  the  small  value  of  nitrogen  for 
this  crop.  In  nearl)^  all  cases  during  an  experience  of  twelve 
years  in  growing  cow  peas  there  has  been  but  very  little  in- 
crease from  the  use  of  nitrogen  when  the  mineral  fertilizers 
were  liberally  supplied.  The  plowing  under  of  cow  peas  for 
increasing  the  nitrogen  in  the  soil  is  one  very  important  use 
for  the  crop,  but  it  should  be  remembered  that  on  worn  out 
soils  liberal  quantities  of  phosphates  and  potash  should  be  used 
as  fertilizer  if  a  fair  crop  is  to  be  obtained  for  this  purpose. 

Table  70. 
special  nitrogen  experiments  on  cow  pea  fodder. 

Weight  and  cost  of  fertilizers  per  acre,  total  crop,  and  increase  of 
crop  over  that  of  nothing  plots . 
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EXPERIMENTS  WITH  SOY  BEANS. 
The  two  series  of  sections  designated  as  B  and  E  in  the  dia- 
gram on  page  124  were  planted  with  soy  beans.     The  results 
on  the  two  series  of  sections  have  been  combined,  and   are 
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reported  as  if  obtained  from  sections  one  twent3^-fiftli  acre  each. 
The  early  white  varietj^  of  S03'  beans  has  been  regularly  grown 
in  this  experiment  since  1895.  Only  the  seed  has  been  taken  into 
account  in  discussing  the  results  with  this  crop,  as  most  of  the 
leaves  drop  off  before  the  seed  matures,  leaving  only  the  coarse 
stems  as  straw. 

The  amounts  and  cost  of  the  fertilizer  per  acre,  the  yields  of 
seed  per  section  and  the  estimated  yields  per  acre  are  shown  in 
Table  71.  The  percentages  and  amounts  of  protein  in  the  dry 
matter  are  shown  in  Table  72. 

The  arjiotinls  of  the  fertilizer  a7id  the  total  yields  of  the  crop. — 
The  results  given  in  Table  71  indicate  the  effects  of  the  nitro- 
gen of  the  fertilizer  on  the  yields  of  seed.  The  smallest  yields 
were  of  course  obtained  on  the  sections  without  fertilizers.  The 
yields  on  the   sections  supplied  with  mineral  fertilizers  were 


Table  71. 
special  nitrogen  experiments  on  soy  bean  seed. 

Weight  and  cost  of  fe7^tilizers per  acre,  total  crop,  and  increase  of 
crop  over  that  of  the  nothirig  plots. 
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quite  light  but  were  much  larger  than  where  no  fertilizers 
were  used.  On  the  whole  the  yields  were  very  irregular,  a 
condition  that  has  been  pointed  out  in  the  discussion  of  the  re- 
sults obtained  with  other  crops,  and  which  was  probably  due 
to  the  wet  season.  The  series  of  sections  supplied  with  nitrate 
of  soda  (plots  7,  8  and  9)  gave  considerabl}^  larger  yields  than 
were  obtained  on  the  sections  supplied  with  mineral  fertilizers 
only;  there  was  no  relation,  however,  between  yields  obtained 
and  amounts  of  nitrogen  supplied.  It  is  of  interest  to  note  that 
the  increase  of  yields  resulting  from  the  use  of  sulphate  of 
ammonia  was  smaller  than  that  from  nitrate  of  soda,  and  that 
the  yields  decreased  in  quantity  with  the  increase  of  sulphate 
used.  This  condition  was  not  noticed  in  the  experiment  of 
1900,  but  it  may  perhaps  be  due  this  year  to  an  increasing 
acidity  of  the  soil  (as  pointed  out  in  the  the  corn  experiments) 
resulting  from  the  residue  of  acid  left  in  the  soil  where  large 
quantities  of  sulphate  of  ammonia  were  used. 

The  amo2ints  of  nitrogen  in  the  fertilizer  and  the  total  yields  of 
the  crop. — The  effects  of  the  nitrogen  in  the  fertilizer  on  the 
percentages  and  yields  of  dry  matter  and  of  protein  are  indi- 
cated by  the  results  in  Table  72.  As  was  the  case  in  the  corn 
experiments,  the  highest  percentages  of  protein  in  the  soy 
beans  are  from  the  crops  on  the  section  without  fertilizers. 
This  is  probably  due  to  the  presence  of  a  considerable  propor- 
tion of  immature  or  partially  developed  seed.  The  percentages 
of  protein  in  the  crop  from  the  section  supplied  with  only  min- 
eral fertilizer  were  lower  than  in  the  crop  where  nitrogen  sup- 
plied in  the  form  of  nitrate  of  soda  was  used.  This  would 
seem  to  indicate  that  the  nitrogen  influenced  in  some  degree 
the  composition  of  the  crop  as  regards  protein.  Where  the 
sulphate  of  ammonia  was  used  as  fertilizer,  however,  the  per- 
centages were  lower  than  on  one  of  the  mineral  plots,  and  in 
some  cases  nearly  as  low  as  on  the  other.  As  was  pointed  out 
in  the  case  of  the  yields  of  crop,  the  nitrogen  from  sulphate  of ' 
ammonia  seemed  to  have  little  effect  on  the  composition  of  the 
crop.  In  fact  the  percentages  of  protein,  like  the  yields  of  crop, 
are  in  inverse  order  to  the  amounts  of  sulphate  of  ammonia 
used.  The  relative  effects  of  nitrogen  on  the  3delds  per  acre 
of  dry  matter  and  of  protein  may  be  seen  by  referring  to  the 
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last  two  columns  of  Table  72.  The  small  benefit  derived  from 
nitrogenous  fertilizers  is  in  striking  contrast  to  the  results  ob- 
tained with  corn,  as  may  be  seen  b}^  comparing  these  figures 
with  those  in  corresponding  columns  of  Table  68. 

Table  72. 
specl\l  nitrogen  experiments  on  soy  bean  seed. 
Perceyitages  and  pounds  per  acre  of  dry  -matter  and  of  protein.   ' 
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*Tlie  average  of  the  yields  on  plots  6a  and  6b  is  here  taken  as  too  for  comparison. 
SOIL  TEST  WITH  SOY  BEANS. 

The  soil  test  of  1901  is  the  twelfth  in  a  series  that  was  begun 
in  1890  and  has  been  continued  year  by  year  upon  the  same 
plots,  but  with  a  four  year  rotation  of  crops,  namely,  corn, 
potatoes,  oats  and  either  cow  peas  or  soy  beans.  The  purpose 
of  the  experiment  is  to  study  the  deficiencies  of  the  soil  and  the 
demands  of  different  crops  for  the  different  ingredients  of  fer- 
tilizers. The  general  plan  consists  in  dividing  a  field  into 
parallel  plots,  applying  on  the  different  plots  fertilizers  which 
will  supply  nitrogen,  phosphoric  acid  and  potash  singly  and  in 
different  combinations,  and  growing  the  same  crop  on  all  the 
plots.    The  kinds  and  amounts  of  fertilizers  per  acre  are  nitrate 
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of  soda  160  pounds,  equivalent  to  25  pounds  of  nitrogen;  dis- 
solved bone-black  320  pounds,  equivalent  to  53  pounds  of  phos- 
phoric acid;  muriate  of  potash  160  pounds,  equivalent  to  82 
pounds  of  potash.  These  are  applied  singly,  two  by  two,  and. 
all  three  together,  thus  making  seven  different  kinds  of  fer- 
tilizers, the  combination  of  the  three  being  a  so-called  "  com- 
plete" fertilizer.  On  an  eighth  plot  a  moderate  quantity  of 
stable  manure  with  some  phosphoric  acid  in  addition  was  ap- 
plied, and  on  a  ninth  a  liberal  quantity  of  stable  manure  alone. 
Three  other  plots  in  the  group  are  left  unmanured. 

Diagram  illustrating  the  a7'rangement  of  the  plots  in  the  soil 

test,  and  the  kinds  of  fertilizers  and  amou?its  per 

acre  used  on  each  plot. 

Unfertilized  strips  separate  the  adjoining  plots. 
EAST. 
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Plot    go.      Nothing. 


Plot     D. 


\  Dis.   Bn-bl'k,  320  lbs. 
]  Nit.  of  Soda,  160  lbs. 


Plot     E 


■! 


Plot  Y.    Stable  manure,  16000  lbs. 


Mur.  of  Pot.,  160  lbs. 
Nit.  of  Soda,   160  lbs 


p  pi  Dis.  Bn-bl'k,  320  lbs. 

rLOT     r.  -.  ^^^^   ^j  Pq|._^  ^^^  j^g_ 


Dis.  Bn-bl'k,   320  lbs. 

Plot     G.  \  Mur.  of  Pot.,  160  lbs. 

Nit.  of  Soda.    160  lbs. 


Plot  000.     Nothing. 


Plot    X. 


Stable  man.,  1000  lbs. 
Dis.  Bn-bl'k,  160  lbs. 


Plot     Y.     Stable  man.,  16000  lbs. 


PlotX. 


\  Stable  man.,  loooo  lbs. 
\  Dis.  Bone-bl'k,  160  lbs. 


Plot  000.   Nothing. 


(  Dis.  Bone-bl'k,  320  lbs. 

Plot  G.    ■  Mur.  of  Pot.,    160  lbs. 

(  Nit.  of  Soda,     160  lbs. 


Plot  F. 


Plot  E. 


\  Dis.  Bone-bl'k,  320  lbs. 
]  Mur.  of  Pot.,     160  lbs. 

Mur.  of  Pot.,     160  lbs. 
Nit.  of  Soda,     160  lbs. 


Plot  D. 


\  Dis. 

\  Nit. 


of  Soda,     160  lbs. 


Plot  00.      Nothing. 


Plot  C.     Mur.  of  Pot.,      160  lbs. 


Plot  B.     Dis.  Bone-bl'k,  320  lbs. 


Plot  A.     Nit.  of  Soda,      160  lbs. 


Plot    o.     Nothing. 


WEST. 


FIELD  EXPERIMENTS  WITH  FERTILIZERS.  1 43 

The  diagram  above  will  illustrate  the  method  of  laying  out 
the  field,  and  the  kinds  and  amounts  of  fertilizers  per  acre 
applied  on  each  plot.  The  soil  of  the  experimental  field  is  a 
medium  loam  with  a  3'ellow  cla}^  subsoil,  and  has  good  natural 
drainage.  The  field  slopes  slightly  to  the  south,  and  the  plots 
are  laid  out  with  the  long  dimension  corresponding  to  the  slope, 
in  order  to  prevent  the  washing  of  soil  from  one  plot  to  another. 
The  soil  has  not  washed  seriousl}',  although  very  heavy  rains 
have  caused  some  washing  of  the  surface.  In  1889,  before  the 
experiment  was  begun,  it  was  noticed  that  one  side  of  the  field 
was  more  fertile  than  the  other,  and  to  overcome,  as  far  as  pos- 
sible, the  effect  of  this  irregularity  it  was  thought  best  to  lay 
out  the  field  in  two  halves,  the  order  of  the  plots  on  these  to 
be  reversed.  In  this  way  24  one-twenty-fourth  acre  plots  were 
laid  out,  as  shown  in  the  diagram  of  the  field.  In  harvesting 
the  crop  the  yields  on  the  corresponding  plots  of  the  two  sets 
are  combined  and  are  reported  on  the  basis  of  one-twelfth  acre 
plots. 

Experiment  with  soy  bea?is  in  zpo/.— The  medium  early  green 
soy  bean  was  the  crop  grown  in  1901.  The  data  of  the  experi- 
ment are  given  in  Table  73,  only  the  seed  being  taken  into 
account. 

The  jaelds  on  the  various  plots  without  fertilizers  were  nearly 
the  same,  indicating  that  the  fertility  of  the  soil  is  fairly  uni- 
form. Where  the  three  ingredients,  nitrogen,  phosphoric  acid 
and  potash,  were  used  separately  (plots  A,  B  and  C)  the  nitrate 
of  soda  plot  (A)  gave  slightly  the  best  yield.  The  results  from 
the  use  of  the  combinations  of  nitrogen  and  phosphoric  acid, 
nitrogen  and  potash,  and  phosphoric  acid  and  potash,  would 
seem  to  show  that  the  phosphoric  acid  was  equally  as  important 
as  nitrogen  on  this  soil.  Where  all  three  of  the  fertilizers  were 
applied  (plot  G)  there  was  very  little  increase  in  yield  over 
that  obtained  where  only  mineral  fertilizers  were  used  (plot  F). 
The  results  on  the  whole  would  seem  to  suggest  that  while  the 
nitrogen  was  possibly  of  some  value  to  soy  beans  it  should  be 
used  more  sparingly  than  for  most  crops,  and  especially  more 
so  than  for  the  cereals  or  grasses. 

It  is  interesting  to  notice  that  the  yields  obtained  where 
stable  manure  was  used  were  quite  a  little  larger  than  from  the 
plot  supplied  with  a  complete  chemical  fertilizer  (G).     This 
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Table  73. 
soil  test  with  fertilizers  on  soy  beans. 

By  the  Station,  Storrs,  1901. 
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may  have  been  due  in  part  to  the  wet  season,  which  would 
have  favored  the  leaching  away  of  the  nitrates  where  the  ni- 
trate of  soda  was  used,  while  the  slower  acting  organic  nitrogen 
in  the  form  of  manure  would  have  been  made  available  gradu- 
ally throughout  the  season.  Probably,  also,  the  soil  on  plot 
G,  on  which  only  the  chemical  fertilizers  have  been  applied  for 
so  many  years,  is  lacking  in  beneficial  organic  matters  (humus, 
etc.),  which  would  be  present  in  the  soil  on  which  the  stable 
manure  was  used. 

Average  yields  of  crops  grown  in  soil  tests. — By  repeating  the 
rotation  in  this  experiment  through  a  series  of  5'ears  the  in- 
equalities of  season  are  partially  eliminated;  thus  the  results 
would  naturally  be  expected  to  be  of  increasing  value  as  time 
goes  on.  The  average  results  in  ^delds  of  crops  are  shown  in 
the  following  table. 
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Table  74. 
Average  yield  per  acre  in  Station  soil  test  during  twelve  years. 
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.  While  some  slight  differences  are  shown  as  to  the  peculiar 
needs  of  crops,  the  soil  as  a  whole  seems  to  be  lacking  in  all 
three  of  the  essential  fertilizer  ingredients.  The  following  con- 
clusions as  to  the  needs  of  particular  crops  seem  warranted. 
Oats  have  shown  marked  increase  in  yield  from  the  use  of  ni- 
trogen and  phosphoric  acid,  while  corn  has  seemed  to  need  all 
the  ingredients  applied  in  the  fertilizers.  Potatoes,  on  the  other 
hand,  have  been  most  benefited  by  applications  of  potash.  Thus 
the  special  needs  of  different  crops  are  to  some  extent  indicated 
by  these  tests.  They  can  only  be  told  with  certainty,  however, 
by  long  experimenting,  under  similar  conditions. 
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SUMMARY  AND  GENERAL  DEDUCTIONS. 

The  Special  mtrogen  experinieiits  here  reported  were  made  with 
corn,  cow  peas,  a^id  soy  hearts.  The  purpose  of  the  experiments 
is  twofold:  first,  to  study  the  effects  tipon  the  yields  of  the  crops 
when  different  kinds  arid  quantities  of  nitroge7ious  fertilizers  are 
used  in  addition  to  uniforrn  quantities  of  mineral  fertilizers;  and 
second,  to  study  the  effect  of  the  nitrogen  in  the  fertilizers  tipon  the 
percerttage  and  amount  of  protein  in  the  crops. 

The  experiments  with  corn  indicate  that  while  the  mineral  fer- 
tilizers were  very  essential  to  the  corn  crop,  they  were  not  siifflcierit 
for  this  crop  or  this  soil  when  used  alone.  A  complete  fertilizer 
with  niti'ogen,  phosphoric  acid  and  potash  was  essential  for  good 
yields  of  cor7i.  When  the  yields  alone  <xr<f  conside?'ed,  the  most 
profitable  restdts  financially  have  been  obtained  with  2^  to  50 
pounds  of  nitrogen  per  acre  (i7i  7iitrate  of  soda)  usedi7i  co7i7iectio7i 
with  mi7ieral  fe7'tilizers.  lVhe7i  the  feedi7ig  value  of  the  crop  is 
C07isidered  eve7i  larger  qua7itities  of  nitroge7i  thaii  50  pounds  per 
acr'e  seei7i  to  give  profitable  retiwiis.  While  the  yields  of  dyy 
matter  have  not  genei^ally  bee7i  much  increased  by  a7i  i7icrease  of 
nitrogefi  beyond  ^o  pou7ids  per  acre,  the  perceritages  of  7iitroge7i 
and  of  protei7i  ifi  both  the  grain  and  the  stover  have  been  highest 
i7i  the  cr'ops  whe7'e  the  largest  qua7itities  of  7iit7Vge7i  have  bee7i 
used  i7i  the  fertilizers. 

The  experii7ie7its  with  legumes — cow  peas  a7id  soy  bea7is — indi- 
cate that  mine7'al  fertilizers  ar<?  of  great  value  in  i7icreasi7ig  the 
yields  of  these  crops,  while  7iitroge7ious  fertilizers  do  not  greatly 
increase  either  the  yield  or  the  perce7itage  of  p7'otei7i  i7i  the  C7'0p 
over  that  obtained  fro7}i  the  7ni7ieral  fertilizers  07ily.  hi  the  ex- 
peri77ie7its  thus  far  made  by  the  Statio7i  the  average  results  with 
cow  pea  fodder  show  practically  710  adva7itage  f7'077i  the  use  of 
7iitroge7io7is  fertilizers,  hi  the  expe7'i7ne7its  tvith  soy  bea7is  g7'0W7i 
for  seed  so77te  i7icrease  see7ns  to  have  7'esulted  f7'077i  the  use  of  7ii- 
trogenous  fertilizers,  although  that  i7ic7'ease  was  S7nall.  The  per- 
ce7itages  a7id  yields  of  p7'otei7i  i7i  these  legiwies  bo>-e  veiy  little 
relatio7i  to  the  qua7itities  of  7iit7Vge7i  2ised,  the  protein  bei7ig  i7i- 
creased  but  little  if  aiiy  by  the  use  of  7iitrogenous  fertilizers. 
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The  results  of  the  soil  test  of  ipoi  indicate  that  the  mineral 
fertilizers  were  of  greater  vahie  than  nitrogen  in  hicreasing  the 
yields  of  soy  beans.  Nitrogen  ivas  of  some  value,  however, 
especially  zvhen  supplied  i7i  the  form,  of  jnanure.  While  the 
complete  fertilizer  (plot  G)  gave  an  increase  of  only  two  bushels 
per  acre  over  the  yield  where  only  viineral  fertilizers  were  used 
(plot  F) ,  the  -manure  (plots  X  and  Y)  gave  an  increase  of  nearly 
nine  bushels. 

In  gc7ieral  the  results  obtaiiied  ditring  the  past  twelve  years 
with  the  leading  crops  indicate  that  nit^^ogen  and  phosphoric  acid 
are  of  prime  importance  for  use  on  this  particular  soil  in  order 
to  get  good  yields  of  oats.  The  same  ingredients  also  produced 
the  most  marked  restilts  on  the  yields  of  corn  diiring  the  three 
years  in  which  this  crop  has  been  grown  in  the  rotation,  while  on 
the  other  hand,  potatoes  have  responded  more  generally  to  the  use 
of  potash. 
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AN  EXPERIMENT  ON  SOIL  IMPROVEMENT. 

BY  C.  S.   PHELPS. 


In  1899  the  Station  began  an  experiment  on  a  series  of  plots 
of  land  at  Storrs,  the  purpose  of  which  was  to  compare  the 
value  and  economy  of  different  methods  of  manuring  for  re- 
storing the  fertility  to  a  soil  such  as  is  commonl}^  described  as 
"poor"  or  "worn  out."  This  experiment  was  to  be  contin- 
ued through  a  period  of  several  j^ears  on  the  same  plots.  The 
results  here  reported  are  those  for  the  third  consecutive  year. 

The  soil  of  the  field  on  which  this  experiment  is  conducted  is 
medium  heavy  loam  which  holds  moisture  well,  but  apparently 
is  lacking  in  organic  material  and  probably  in  available  nitro- 
gen. The  field  had  been  used  for  a  peach  orchard  from  1889 
to  1898,  and  while  the  peach  trees  were  growing  it  had  been 
treated  liberally  with  the  mineral  fertilizers,  phosphoric  acid 
and  potash,  but  little  or  no  nitrogen  had  been  applied.  During 
the  years  1 889-1 894  different  crops  were  grown  between  the 
rows  of  trees  and  were  removed  from  the  land;  after  1894  the 
soil  was  kept  under  cultivation  but  no  crops  were  grown  except 
the  peaches.  Part  of  the  peach  trees  were  removed  in  the  fall 
of  1897  ^°d  ^^^  remainder  in  the  fall  of  1898.  In  the  spring 
of  1899  a  series  of  parallel  plots  was  laid  out  upon  the  field  for 
the  purpose  of  the  present  experiments. 

The  plan  of  these  experiments  consists  in  treating  the  differ- 
ent plots  with  different  kinds  of  fertilizers  in  such  a  way  as  to 
"  build  up  "  the  general  fertility  of  the  soil,  growing  the  same 
crop  on  all  the  plots,  and  estimating  the  relative  value  of  the 
different  methods  of  manuring  by  a  comparison  of  the  results 
from  the  different  plots.  The  kinds  of  fertilizers  used  are  (i) 
stable  manure,  (2)  a  "complete"  chemical  fertilizer,  and  (3) 
"  green  "  manures,  both  alone  and  in  combination  with  mineral 
fertilizers.  The  following  crops  are  grown  in  the  experiment 
in   a  four-year  rotation:     C6rn,    potatoes,   oats  and   peas    for 
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fodder,  and  soy  beans.  The  arrangement  of  the  plots  and  the 
method  of  fertihzing  each  plot  are  shown  in  the  diagram  be- 
low. 

Arrangement  of  plots  and  method  of  fertilizing  i7i  expei'iment 
on  soil  improvement ,  igoi . 


IMot  K.       "Complete"  fertilizer,  800  lbs.  per  acre. 


Plot  L.       Stable  manure,  8  tons  (3.4  cords)  per  acre. 


Plot  M.      Clover  or  other  legume  for  green  manuring. 


Plot 


X.) 


Mineral  fertilizers,  700  lbs.   per  acre,   and  rye  for  green 
manurino;. 


Plot  P. 


Mineral   fertilisers,  700  lbs.  per  acre,  and  clover  or  other 
legume  for  green  manuring. 


The  plots  contain  one-eighth  acre  each,  and  are  separated  by 
strips  3.3  feet  wide.  These  strips  between  the  plots  and  similar 
strips  at  the  ends  and  sides  of  the  field  are  planted  the  same  as 
the  plots,  but  no  fertilizer  is  applied  on  them  and  the  growth 
on  the  strips  is  harvested  before  that  on  the  plots  and  not  in- 
cluded in  the  experiment. 

The  piece  of  land  on  which  these  plots  are  laid  out  is  contig- 
uous to  that  used  for  the  special  nitrogen  and  soil  test  experi- 
ments. The  slope  on  this  field  is  even  greater  than  that  on 
the  others,  and  the  inaccuracies  due  to  washing  of  the  soil  by 
rains  may  be  greater.  It  is  believed,  however,  that  they  have 
not  interfered  very  seriously  with  the  results  of  this  experi- 
ment. 

Plot  K  is  supplied  with  a  liberal  amount  of  complete  chem- 
ical fertilizer,  and  plot  L  with  a  liberal  amount  of  mixed  stable 
manure.  It  is  intended  that  the  pecuniary  value  of  the  fer- 
tilizer used  on  plot  K  shall  be  approximately  the  same  as  that 
of  the  stable  manure  on  plot  L,  estimating  the  fertilizer  ac- 
cording to  the  system  of  valuation  followed  by  the  New  Eng- 
land Experiment  Stations,  and  valuing  the  manure  at  $3  per 
11 
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cord.  The  complete  chemical  fertilizer  on  plot  K  was  applied 
in  1899  and  1900  at  the  rate  of  1,200  pounds  per  acre,  the 
materials  included  in  the  fertilizer  being  mixed  in  the  fol- 
lowing proportions:  Nitrate  of  soda  200  pounds,  sulphate  of 
ammonia  100  pounds,  tankage  200  pounds,  muriate  of  potash 
200  pounds,  South  Carolina  acid  phosphate  500  pounds.  In 
1901  the  fertilizers  were  mixed  in  the  same  proportions  as 
above  but  only  800  pounds  per  acre  were  applied.  On  plot  L 
12  tons,  or  5^  cords,  of  stable  manure  per  acre  were  applied 
in  1899  and  1900;  in  1901  the  quantity  was  reduced  to  8  tons 
or  3.4  cords  per  acre. 

Plot  M  receives  no  fertilizer,  but  whenever  practicable  some 
leguminous  crop  is  grown  on  the  plot  between  the  seasons  of 
the  regular  crops,  from  year  to  j^ear,  for  the  purpose  of  plow- 
ing under.  Clover  was  grown  after  the  corn  crop  of  1899  and 
was  plowed  under  in  the  spring  of  1900.  Winter  vetch  was 
sown  in  September,  1900,  after  the  potatoes  were  harvested; 
this  made  a  thin  growth  and  was  only  3  to  4  inches  high  when 
winter  came,  and  a  considerable  amount  of  it  was  killed  during 
the  winter.  There  was,  therefore,  only  a  light  growth  of  vetch 
to  plow  under  in  Ma}^,  1901,  in  connection  with  the  experiment 
here  reported. 

On  plots  N  and  P  a  mixture  of  South  Carolina  acid  phos- 
phate and  muriate  of  potash  is  applied  at  the  rate  of  700  pounds 
per  acre,  the  proportion  being  500  pounds  of  the  former  to  200 
pounds  of  the  latter.  In  addition  to  this,  green  crops  grown 
between  the  seasons  of  the  regular  crops  are  also  plowed  under. 
Rye  was  grown  on  plot  N  after  the  corn  crop  of  1899  and  was 
plowed  under  before  the  regular  crop  of  1900  was  planted. 
Rye  was  sown  again  after  the  potato  crop  of  1900  was  har- 
vested, and  the  growth  was  plowed  under  in  May  1901  before 
the  experiment  of  that  year.  On  the  plot  P  clover  was  grown 
after  the  corn  crop  of  1S89  and  plowed  under  in  the  spring  of 
1900.  Winter  vetch  was  sown  in  September  1900  after  the 
potatoes  were  harvested  and  was  plowed  under  in  May  1901, 
but  as  in  the  case  of  plot  M  there  was  only  a  light  growth  of 
vetch  in  the  fall  and  much  of  it  was  killed  during  the  winter, 
so  that  there  was  but  little  to  plow  under. 
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In  conducting  the  experiment  on  soil  improvement  according 
to  the  plan  outlined  there  has  been  some  difficulty  in  selecting 
crops  that  would  give  satisfactory  returns  in  green  manure  be- 
cause of  the  conditions  under  which  they  may  be  grown  in  the 
experiment.  Good  crops  of  rye  have  been  obtained  each  year 
on  plot  N.  There  was  a  fair  growth  of  alsike  clover  on  plots 
M  and  P  to  plow  under  in  the  spring  of  1900,  but  this  had 
been  sown  in  the  latter  part  of  July,  1899,  amongst  the  corn 
after  it  was  cultivated  for  the  last  time.  Since  the  potatoes 
grown  in  the  experiment  of  1900  were  rather  late  in  maturing, 
and  as  clover  could  not  be  sown  to  advantage  before  digging 
the  tubers,  it  w^as  thought  best  to  try  winter  vetch  as  a  catch 
crop  on  these  plots  between  the  seasons  of  1900  and  1901,  but 
as  already  explained,  this  crop  made  but  little  growth  and  the 
very  little  quantity  that  could  be  plowed  under  somewhat  mod- 
ified the  yields  of  oats  and  peas  on  these  plots  during  the 
experiments  of  1901.  Following  the  oats  and  peas,  common 
red  clover  was  sown  early  in  August,  1901.  On  the  whole, 
this  crop  gives  the  best  promise  of  any  yet  tried  for  green  man- 
uring on  this  field,  but  in  order  to  grow  a  crop  of  clover  or 
other  legume  following  the  regular  crop  of  the  experiment  and 
get  a  sufficient  amount  to  plow  under  it  is  necessary  either  to 
sow  the  clover  in  the  growing  crop  late  in  July  or  early  in 
August,  or  to  plant  in  the  regular  rotation  only  those  crops 
which  may  be  harvested  early  in  the  season  and  thus  allow  the 
clover  to  be  sown  on  the  cleared  field  not  later  than  August. 

Yields  of  oat  and  pea  hay  in  igoi. — The  yields  of  oat  and  pea 
hay  from  the  different  plots  in  the  experiment  of  1901  are  given 
in  the  following  table. 

There  was  not  a  very  heavy  growth  on  any  of  the  plots,  the 
heaviest  ^deld  being  that  from  plot  K  with  the  complete  fertil- 
izer, as  has  also  been  the  case  each  year  of  the  experiment  thus 
far.  As  the  field  slopes  considerably  from  plot  P  to  plot  K 
there  may  be  more  moisture  in  the  soil  of  the  latter  plot  and 
possibly  some  of  the  fertilizers  from  the  soil  of  the  other  plots 
may  be  washed  upon  it,  which  would  probably  benefit  the 
growth  of  the  crop  on  plot  K.  However,  from  a  comparison  of 
the  costs  of  the  fertilizers  used  on  the  two  plots  as  well  as  of 
the  yields  produced  there  does  not  appear  to  have  been  any 
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material  advantage  in  the  conditions  of  plot  K  over  those  of 
plot  L;  the  cost  of  the  fertilizer  on  plot  L,  was  only  8i  per  cent. , 
while  the  jaeld  of  crop  was  85  per  cent,  of  that  of  plot  K. 

Table  75. 

Yields  of  oats  and  peas  in  the  experinie^it  on  soil  improvement, 

igoi. 


K 
L 

M 
N 
P 


Fertilizers  per  Acre. 


Kind. 


Complete  fertilizer,     - 
Stable  manure,  - 
No  fertilizer  except  vetch, 
Mineral  fertilizers  and  rye, 
Mineral  fertilizers  and  vetch, 


I,bs. 

800 
16000 


700 
700 


12.00 
10.26 

7-59 
7-59 


I,bs. 

715 
610 

495 
475 
490 


CI  3 


I.bs. 

5720 
4880 
3960 
3800 
3920 


The  only  expense  for  the  green  manuring  of  plots  M,  N  and 
P  was  the  cost  of  the  seed  and  the  time  and  labor  of  sowing  it. 
The  land  was  not  plowed,  as  the  soil  was  quite  loose  after  the 
potatoes  were  dug;  the  seed  was  covered  by  harrowing  the  soil. 
No  account  was  taken  of  the  cost  of  seed  and  of  labor.  The 
cost  of  fertilizing  plot  M  is  therefore  given  in  the  table  as  noth- 
ing because  the  only  fertilizer  was  the  vetch  for  green  manur- 
ing; and  the  cost  of  fertilizing  plots  M  and  P  is  given  as  that 
of  the  mineral  fertilizers  used,  at  the  rate  of  $7.59  per  acre  on 
each  plot. 

Apparently  the  most  economical  of  the  methods  of  fertilizing 
these  three  plots  was  that  on  plot  M.  The  yield  from  this  plot, 
with  no  fertilizer  but  the  vetch  plowed  under,  was  practically 
the  same  as  that  from  plot  P  with  mineral  fertilizers  in  addition 
to  the  vetch,  and  was  larger  than  that  from  plot  N  with  the 
mineral  fertilizers  and  rye  for  green  manure.  These  results 
would  indicate  that  the  mineral  fertilizers  were  of  little  or  no 
advantage  in  this  experiment  and  also  that  considerable  benefit 
was  derived  from  the  vetch  as  manure,  even  though  the  crop 
plowed  under  was  very  light. 
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GENERAL  SUMMARY  AND  CONCLUSIONS. 

The  experiment  on  soil  improvement  in  ipoo  was  zvith  pota- 
toes and  that  of  ipoi  with  oat  and  pea  hay.  In  both  years  the 
yield  was  largest  on  the  plot  with  the  complete  fertilizer,  but  i?i 
proportion  to  the  cost  of  fertilizing  the  two  plots  the  yield  on  the 
plot  with  the  stable  manure  zt'as  fully  as  economically  produced. 
In  I  goo  the  yield  from  the  plot  with  clover  for  manure  zvas  next 
in  size  to  that  from  the  plot  zvith  the  complete  fertilizer,  and  the 
yield  from  the  plot  with  the  minerals  and  clover  for  fertilizer  was 
practically  the  same  as  that  from  the  stable  manure.  In  igoi  the 
yields  of  oat  and  pea  hay  zvhere  a  light  growth  of  vetch  was  plowed 
iinder,  either  alone  or  in  combination  with  the  mineral  fertilizers , 
were  mtich  smaller  than  those  where  stable  viamwe  was  used.  In 
both  years  the  yield  on  the  plot  where  rye  was  plowed  under  in 
addition  to  the  minerals  was  less  than  those  fro?7i  the  plots  on 
either  side  where  the  legumes  were  used.  The  results  of  both 
years  i7idicate  a  considerable  advantage  in  the  tcse  of  legumes  for 
green  manure.  On  the  whole,  common  red  clover  seems  to  be  the 
best  crop  for  the  purpose  of  gree7i  manuri^ig  zvhen  it  must  be 
grown  betwee?i  the  regular  crops  of  a  rotatio7i  as  i7i  the  experi- 
77ie7it  here  desc7'ibed.  The  experi77ie7it  wotild  7ieed  to  be  C07iti7iued 
for  several  years  before  the  results  wojild  warra7it  a7iy  reliable 
co7iclusio7is  7'ega7^di7ig  the  relative  eco7i077iy  of  the  va7^ious  77iethods 
of fertilizi7ig  for  i77iprovi7ig  the  fertility  of  the  soil. 
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POT  EXPERIMENTS  WITH  NITROGENOUS 
FERTILIZERS  IN  1901. 

BY  C.  S.   PHELPS. 


The  chief  difficulties  met  with  in  field  experiments  with  fer- 
tilizers are  variations  in  the  soil  of  the  different  plots,  irregu- 
larities of  season,  particularly  in  the  amounts  of  rainfall,  and 
the  impossibility  of  applying  fertilizers  in  such  ways  that  the 
plants  shall  get  the  full  benefit  of  them  and  at  the  same  time 
not  get  plant  food  in  varying  quantities  from  other  sources. 
In  order  to  overcome  these  difficulties  as  far  as  possible,  and  to 
verify  the  results  of  the  field  experiments  by  investigations  in 
which  the  conditions  influencing  the  growth  of  the  crops  might 
be  more  under  control,  the  Station  for  several  5'ears  has  carried 
on  experiments  in  which  plants  were  grown  in  a  prepared  soil 
in  pots  in  a  special  vegetation  house.  In  these  experiments  all 
the  pots  are  filled  from  a  lot  of  soil  that  has  been  very  thor- 
oughly mixed  and  is  therefore  quite  uniform;  the  plants  are  all 
watered  artificially  so  that  the  amount  of  moisture  in  the  soil 
can  be  kept  within  certain  limits;  and  the  fertilizers  are  applied 
in  such  ways  that  there  is  little,  if  any,  chance  for  loss  of  plant 
food. 

A  detailed  account  of  these  experiments,  describing  the  pots 
and  soil  used,  the  method  of  applying  the  fertilizer  and  the 
water,  the  shelter  house  and  the  care  of  the  plants  during  the 
growing  season,  the  sampling  and  analyzing  of  the  crops,  etc., 
and  giving  the  results  obtained  during  several  years  with  dif- 
ferent crops,  is  given  in  the  Report  of  the  Station  for  1900.  In 
the  present  article,  which  reports  the  results  of  the  experiment 
for  1901,  these  details  are  briefly  recapitulated,  and  any  varia- 
tions in  the  methods  of  conducting  the  experiments  are  included. 

Shelter  house  and  pots. — The  plant  shelter  is  a  light  frame 
structure  with  a  large  number  of  windows.  It  has  a  gravel 
floor  on  a  level  with  a  yard  at  the  west  side  and  is  fitted  with 
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tracks  which  extend  into  the  3'ard.  On  these  tracks  are  placed 
trucks  for  holding  the  pots  of  soil  in  which  the  plants  are 
grown.  The  pots  used  are  18.5  inches  deep  and  10  inches  in 
diameter  and  will  hold  from  60  to  80  pounds  of  soil,  sand  and 
gravel.  The  pots  are  made  of  heavy  galvanized  iron  and  are 
fitted  with  half-inch  lead  pipes  on  the  outside  which  are  at- 
tached in  such  a  way  as  to  allow  for  watering  at  the  bottoms 
of  the  pots. 

The  soil  used  and  the  method  of  fiUing  the  pots. — The  soil  used 
in  the  experiments  was  taken  from  field  plots  which  have  been 
supplied  with  nothing  but  mineral  fertilizers  since  i8go.  This 
soil  was  used  because  there  seemed  to  be  but  little  organic  mat- 
ter in  it,  and  judging  from  the  crops  grown  on  it  in  recent 
3'ears  there  was  but  little  available  nitrogen  present.  The  soil 
was  thoroughly  mixed  before  it  was  put  into  the  pots.  In  fill- 
ing the  pots  about  two  inches  of  coarse  gravel  was  placed  in 
the  bottom  of  each,  and  this  was  covered  with  a  thin  layer  of 
sand;  the  soil  was  then  added  in  layers  of  about  one  inch  in 
thickness,  each  layer  being  well  tamped  as  it  was  filled  in.  In 
the  earlier  experiments  from  50  to  60  pounds  of  soil  were  used 
in  each  pot,  the  quantity  varying  somewhat  for  th.e  different 
series,  but  uniform  for  each  pot  in  the  same  series. 

In  the  experiments  of  1901  all  of  the  soil  which  had  been 
used  in  the  experiments  of  1900  was  discarded  and  a  new  lot 
was  obtained,  as  in  previous  years,  from  the  mineral  plots  in 
the  field  experiments.  This  was  placed  in  a  heap  and  thor- 
oughly mixed;  the  gravel  and  sand  was  placed  in  the  bottom 
of  each  pot,  and  then  55  pounds  of  the  mixed  soil  was  added. 
The  moisture  content  of  the  soil  was  determined  by  drying 
samples  at  105°  C;  the  soil  in  pots  i  to  12  contained  13.25  per 
cent,  and  that  in  the  other  pots  12  per  cent.  The  weights  of 
the  filled  pots  was  ascertained,  to  be  used  as  explained  later  in 
keeping  the  percentage  of  moisture  of  the  soil  within  a  certain 
range. 

Adding  the  fertilizer. — To  each  pot  in  the  whole  experiment 
mineral  fertilizers  were  applied  uniformly  as  follows:  phosphate 
of  potash  2.54  grams,  sulphate  of  potash  .50  gram,  carbonate 
of  lime  4.00  grams.  Some  of  the  pots  received  no  other  fertil- 
izer besides  the  minerals,  while  other  pots  received  nitrate  of 
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soda  in  addition,  the  quantit}^  varying  so  as  to  furnish  what 
have  been  designated  as  the  one-third,  the  two-third  and  the 
full  ration  of  nitrogen.  The  nitrate  of  soda  used  in  the  pots 
numbered  i  to  12  inclusive  contained  16.24  per  cent,  of  nitrogen 
and  the  quantities  used  were  2.05  grams  for  the  one-third,  4.10 
grams  for  the  two-thirds,  and  6.15  grams  for  the  full  ration; 
while  that  in  pots  numbered  17  to  64  contained  16.47  P^^  cent, 
of  nitrogen,  and  the  quantities  used  were  2.025  grams,  4.050 
grams  and  6.075  grams,  respectively.  The  amounts  of  the 
different  fertilizing  ingredients  thus  supplied  were  as  follows: 

Table  76. 
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In  all  the  pots  the  mineral  fertilizer  was  applied  by  mixing 
it  with  the  soil  before  the  crops  were  planted.  About  eight 
inches  of  soil  from  the  top  of  that  in  each  pot  was  removed, 
the  fertilizer  was  thoroughly  mixed  with  it  and  then  it  was  re- 
placed and  tamped  as  before.  In  pots  i  to  12,  which  were 
used  for  growing  grass  from  sod,  the  nitrogenous  fertilizer  also 
was  added,  to  those  pots  which  were  to  have  nitrogen,  at  the 
same  time  as  the  minerals.  In  the  other  pots  in  which  nitro- 
gen was  used  the  nitrate  of  soda  was  applied  in  solution,  in 
some  pots  every  day  and  in  others  every  other  day.  Either  25 
or  50  cubic  centimeters  of  a  weak  solution  of  the  nitrate  was 
diluted  to  500  cubic  centimeters  and  then  applied  to  the  soil. 
In  this  way  a  definite  amount  of  nitrate  of  soda  was  added 
every  time  the  .solution  was  used.  The  total  amount  thus 
added  during  the  growing  sea.son  was  that  given  in  the  table 
above. 
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Care  of  the  plants  during  the  period  of  grozvth. — The  pots  in 
which  the  plants  grew  were  placed  upon  trucks  which  rolled 
upon  tracks  and  could  be  moved  into  and  out  of  the  plant  shel- 
ter. At  night,  and  during  stormy  weather,  and  when  high  winds 
would  be  likeh'  to  injure  the  plants,  they  were  kept  inside  the 
shelter  house;  at  other  times  they  were  out  of  doors.  Care 
was  taken  to  have  the  conditions  of  sunlight  and  moisture  as 
nearly  alike  as  possible  for  the  plants  in  the  different  pots. 
The  trucks  on  which  the  plants  stood  were  switched  from  one 
track  to  another  whenever  necessary,  so  that  the  shorter  plants 
would  not  be  in  the  shade  of  the  taller  ones.  The  plants  were 
kept  under  shelter  during  rainy  weather,  and  water  was  sup- 
plied to  them  artificiall)^,  as  often  as  seemed  necessary  to  keep 
up  a  vigorous  growth.  The  water  used  had  previousl^^  been 
found  by  analysis  to  be  practically  free  from  nitrogen.  Part 
of  the  water  was  applied  at  the  bottom  of  the  pot  by  means 
of  the  pipe  entering  from  the  outside,  and  part  was  poured 
upon  the  surface,  for  the  purpose  of  distributing  it  through 
the  soil.  The  water  content  of  the  soil  was  kept  between  10 
and  15  per  cent,  by  weighing  the  pots  with  the  soil  and  the 
growing  plant  and  adding  sufficient  water  to  bring  the  total 
weight  up  to  a  given  amount  previously  determined. 

Sampling  and  analyzing  the  crops. — The  total  crop  from 
each  pot  was  used  as  a  sample  for  analysis.  The  grasses  and 
millets  were  cut  one  inch  above  the  soil,  and  each  sample  was 
put  into  a  loose  paper  bag  and  was  dried  in  the  air,  and  later 
was  cut  into  pieces  about  one  inch  long  and  kept  in  sealed  bot- 
tles or  jars  until  analyzed.  In  the  case  of  the  soy  beans  only 
the  seed  from  each  pot  was  taken  as  a  sample,  no  effort  being 
made  to  save  the  straw  because  the  leaves  drop  off  before  the 
seed  is  fully  matured. 

The  onl}^  analysis  of  the  crops  was  the  determination  of  the 
percentage  of  total  nitrogen  in  the  samples.  The  data  in  the 
tables  giving  the  results  with  the  different  crops  include  for 
each  pot  the  amount  of  nitrogen  in  the  fertilizer,  the  total 
weight  of  the  crop,  the  percentage  and  weight  of  total  nitrogen 
and  the  estimated  percentage  of  total  protein. 

The  amount  of  crop  that  can  be  grown  in  a  pot  in  the  ex- 
periments is  so  small  that  the  results  give  little  indication  of 
the  effect  of  the  different  quantities  of  nitrogenous  fertilizers 
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upon  the  total  yield  of  the  crop.  The  particular  importance  of 
the  results  is  the  effect  of  the  nitrogen  of  the  fertilizer  upon 
the  percentage  of  nitrogen,  and  hence  of  protein  in  the  crop. 
This  is  indicated  by  a  comparison  of  the  averages  of  the  results 
from  the  pots  with  the  different  quantities  of  nitrogen,  which 
are  given  in  the  last  column  of  each  table. 

According  to  the  usual  custom,  the  percentage  of  protein  is 
estimated  by  multiplying  the  percentage  of  nitrogen  bj'  the 
factor  6.25,  on  the  assumption  that  all  the  nitrogen  determined 
represents  protein  containing  16  per  cent,  of  nitrogen.  This 
involves  at  least  two  sources  of  error.  The  different  forms  of 
proteid  vary  in  the  proportions  of  nitrogen  thej^  contain,  so 
that  the  factor  that  should  be  used  may  range  between  5.8  and 
6.4.  Furthermore,  a  part  of  the  nitrogen  in  the  crop  may  be 
present  not  as  protein  but  in  the  form  of  nitrates,  which  have 
no  food  value,  yet  any  nitrogen  that  would  come  from  them  in 
the  determination  would  be  estimated  as  protein  by  this  method. 
In  the  experiments  here  reported,  however,  the  error  due  to 
nitrates  would  probably  be  inappreciable.  In  the  experiments 
of  1900  the  amounts  of  nitrogen  in  the  fertilizer  were  much 
larger  than  those  in  1901,  but  in  tests  for  nitrates*  in  the  crops 
of  1900  only  very  small  quantities  were  found,  and  in  only  a 
part  of  the  samples.  The  amount  of  nitrogen  present  in  the 
form  of  nitrates  in  the  crops  of  1901  would  therefore  probably 
be  negligible  if  there  were  any.  In  any  case,  the  error  due  to 
the  presence  of  the  nitrates  would  be  much  less  than  that  due 
to  the  use  of  wrong  factors. 

For  practical  purposes,  however,  the  usual  method  of  esti- 
mating protein  is  perhaps  sufficiently  accurate;  and  in  order 
that  the  results  of  these  experiments  may  be  directly  compara- 
ble with  those  previousl}^  reported,  it  seems  best  to  follow  the 
same  method  here  that  has  been  used  before. 

DISCUSSION  OF  THE  EXPERIMENTS  OF   I901. 

The  experiments  of  1901  include  one  series  of  pots  with 
meadow  fescue  grass,  one  with  Hungarian  grass,  one  with 
barnyard  millet,  and  one  with  soj^  beans.  Each  experiment 
comprised  four  groups  of  pots;  in  the  experiment  with  meadow 

*  Rept.  Storrs  Station    1900,  p.  83. 
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fescue  there  were  three  pots  in  each  group,  in  the  other  experi- 
ments there  were  four.  One  group  in  each  series  included  the 
pots  with  mineral  fertilizers  only,  one  group  with  the  one-third, 
one  with  the  two-thirds,  and  one  with  the  full  nitrogen  ration 
in  addition  to  the  minerals.  The  results  from  each  group  were 
averaged  together.  The  details  of  the  experiments  and  the 
discussion  of  the  results  follow. 


EXPERIMENT  WITH  MEADOW  FESCUE  GRASS. 

This  experiment  included  pots  Nos.  i  to  12.  Three  pots 
were  used  in  each  group,  but  the  crop  on  one  of  the  pots  with 
mineral  fertilizers  was  accidentally  destroyed.  The  results  of 
the  experiment  are  given  in  Table  77. 

Table  77. 

Nitrogen  in  fertilizer  and  in  crop  iyi  pot  experiment  ivith 
meadow  fescue  grass,  ipoi. 
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The  growth  on  the  different  pots  in  the  same  group  was 
fairly  uniform,  but  for  the  different  groups  there  was  quite  a 
wide  variation  both  in  the  total  amount  of  crop  and  in  percent- 
ages of    nitrogen  in  the  crop.     The    increase  in  crop   and  in 
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percentages  of  nitrogen  in  the  crop  was  not  in  direct  proportion 
to  the  amount  of  nitrogen  used  in  the  fertiUzer.  The  increase 
was  much  less  regular  in  this  experiment  than  in  similar  ex- 
periments with  grasses  in  past  3'ears.  It  will  be  noticed,  how- 
ever, that  the  percentages  of  nitrogen  and  of  protein  in  the 
crops  were  much  higher  where  the  higher  rations  of  nitrogen 
were  used  as  fertilizer  than  where  the  smaller  amount  or  no  ni- 
trogen was  applied.  The  growth  as  a  whole  was  not  quite  as 
vigorous  as  in  the  experiments  with  Hungarian  grass  and  with 
millet,  nor  as  in  some  of  the  experiments  with  grasses  in  past 
37ears.  This  may  account  in  part  for  the  irregularities  in  the 
results  obtained  this  j^ear. 

EXPERIMENT  WITH  HUNGARIAN  GRASS. 

The  results  of  this  experiment,  which  included  pots  17  to 
32,  are  given  in  Table  78. 

Table  78. 

Nitrogen  in  fertilizer  and  i?i  crop  in  pot  experiment  with  Hun- 
garia?i  grass,  igoi . 
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•  33i 

36 

1-47 

.53 

9.19 

6450 

22 

Hungarian  grass.  Minerals  +  i  nit.  ration, 

.33i 

38 

1. 71 

.65 

10.69 

6451 

23 

Hungarian  grass,  Minerals  +  *  nit.  ration. 

.33i 

38 

1-55 

•  59 

9.69 

6452 

24 

Hungarian  grass,  Minerals  +  ^-  nit.  ration. 

.33i 

36 

1.59 

.57 

9-94 

Average,         -                            — 

— 

37 

1.58 

.59 

9.88 

6453 

25 

Hungarian  grass.  Minerals  +  |-  nit.  ration, 

.66f 

36 

2.16 

.78 

13-50 

6454 

26 

Hungarian  grass,  Minerals  4-  t  "it.  ration. 

.66f 

36 

2.18 

.78 

13-63 

6455 

27 

Hungarian  grass, 'Minerals  +  t  nit.  ration, 

.663- 

39 

2.07 

.81 

12.94 

6456 

28 

Hungarian  grass,  Minerals  +  t  nit.  ration, 

.66f 

36 

2.07 

■  75 

12.94 

Average, 

— 

— 

37 

2.12 

.78 

13.25 

6457 

29 

Hungarian  grass. 

Minerals  4-  full  nit.  ration. 

1. 00 

36 

2.36 

■  85 

14.75 

6458 

30 

Hungarian  grass.  Minerals  +  full  nit.  ration. 

1 .00 

39 

2.26 

.88 

14.12 

6459'3i 

Hungarian  grass.  Minerals  +  full  nit.  ration. 

r  .00 

36 

2.41 

.87 

15.06 

6460  32 

Hungarian  grass, 

Minerals  +  full  nit.  ration. 

1. 00 

38 

2.26 

.86 

14.12 

Average, 

— 

— 

37 

2.32 

.86 

14.51 
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The  average  weight  of  the  crop  was  the  same  on  the  pots 
with  the  different  quantities  of  nitrogen,  but  was  smaller  on 
the  pots  with  the  mineral  fertilizers  alone.  The  percentages 
of  protein  in  the  crops  increased  steadily  with  the  increase  in 
the  amount  in  the  fertilizer,  the  average  percentage  in  the  crop 
with  the  full  ration  of  nitrogen  being  more  than  twice  that  in 
the  crop  from  the  pots  with  no  nitrogen.  This  is  a  striking 
illustration  of  the  advantage  of  nitrogen  as  fertilizer  for  in- 
creasing the  feeding  value  of  such  a  crop  as  Hungarian  grass. 


EXPERIMENT  WITH  BARN  YARD  MILLET. 

The  experiment  with  barn  yard  or  Japanese  millet  included 
pots  33  to  48.  The  results  of  the  experiment  are  given  in 
Table  79. 

Table  79. 

Nitrogen  in  fertiliser  and  in  crop  hi  pot  experiment  with  barn 
yard  millet,  igoi . 


Fertilizer. 

P. 
0 

6 

d 

Sample. 

Bo- 

be 
0 

'3 

ox 

3 

0 

Kind. 

'^t 

^ 

rt 

"5 
0 

0 

Gms. 

G. 

% 

Gm 

% 

6461 

33 

Barn  yard  millet, 

Minerals  only. 

— 

34 

r  .03 

•  35 

6.44 

6462 

34 

Barn  yard  millet, 

Minerals  only, 

— 

28 

1. 19 

•  33 

7^44 

6463 

35 

Barn  yard  millet, 

Minerals  only. 

— 

33 

1 .32 

•  44 

8.25 

6464 

36 

Barn  yard  millet. 

Minerals  only. 

— 

30 

1. 00 

•  30 

6.25 

Average, 

— 

— 

31 

1.14 

.36 

7.10 

6465 

37 

Barn  yard  millet, 

Minerals  +  i  nit.  ration, 

.33i 

43 

1.33 

•  57 

"  8.31 

6466 

38 

Barn  yard  millet. 

Minerals  +  |-  nit.  ration. 

•  33i 

46 

1. 61 

•  74 

10.06 

6467 

39 

Barn  yard  millet. 

Minerals  +  |-  nit.  ration, 

.33i 

42 

1. 15 

.48 

7.19 

646S 

40 

Barn  yard  millet. 

Minerals  +  A-  nit.  ration, 

.33i 

43 

1.02 

•  44 

6.38 

Average, 

— 

44 

1.28 

.56 

7.99 

6469 

41 

Barn  yard  millet, 

Minerals  +  f  nit.  ration. 

.661- 

45 

1.68 

•  76 

10.50 

6470 

42 

Barn  yard  millet. 

Minerals  +  f  nit.  ration. 

.66f 

53 

1.58 

•  84 

9.87 

6471 

43 

Barn  yard  millet, 

Minerals  +  f  nit.  ration. 

.661 

45 

1.74 

•  78 

10.87 

6472 

44 

Barn  yard  millet. 

Minerals  +  |-  nit.  ration. 

.66f 

48 

1. 61 

•  77 

10.06 

Average, 

— 

— 

48 

1.65 

•  79 

10.33 

6473 

45 

Barn  yard  millet. 

Minerals  +  full  nit.  ration. 

1. 00 

51 

1.92 

•  98 

12.00 

6474 

46 

Barn  yard  millet. 

Minerals  +  full  nit.  ration, 

1. 00 

54 

1.82 

1.98 

"•37 

6475 

47 

Barn  yard  millet. 

Minerals  +  full  nit.  ration, 

1. 00 

52 

1.68 

1.87 

10.50 

6476 

48 

Barn  yard  millet, 

Minerals  +  full  nit.  ration. 

1. 00 

51 

1.89 

'.96 

II. 81 

Average, 

— 

— 

52 

1.83 

.95 

11.42 
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The  3aeld  from  the  different  pots  in  the  same  group  was 
fairly  uniform,  but  the  averages  of  the  yields  for  the  different 
groups  varied  considerably.  Unlike  the  experiment  with  Hun- 
garian grass,  the  yields  of  millet  increased  with  the  increase  in 
nitrogen  as  fertilizer.  This  may  be  due  to  the  larger  growth 
made  by  the  millet  and  consequently  to  the  greater  require- 
ments of  the  crop  for  nitrogen.  There  was  a  fairly  constant 
increase  of  nitrogen  and  of  protein  in  the  millet  crop  of  the 
different  groups,  corresponding  to  the  amounts  of  nitrogen 
used  in  the  fertilizer,  but  this  was  less  noticeable  in  the  case  of 
the  Hungarian  grass.  These  results  would  seem  to  indicate 
that  in  cases  where  the  nitrogen  is  largely  used  in  producing 
growth  it  does  not  increase  the  proportion  of  nitrogen  to  such 
an  extent  as  where  less  is  required  for  the  growth  of  the  crop; 
and  in  order  to  increase  more  largely  the  proportion  of  nitrogen 
in  the  crop  it  may  be  necessary  to  use  nitrogen  in  amounts  be- 
yond the  needs  of  the  crop  for  growth. 

EXPERIMENT  WITH  SOY  BEANS. 

The  experiment  with  soy  beans  comprised  pots  Nos.  49  to 
64  inclusive.  It  was  similar  to  the  experiments  of  the  two 
years  preceding  with  the  same  crop  except  that  smaller  quan- 
tities of  nitrogen  were  used  in  the  fertilizer.  The  medium 
early  green  variety  of  soy  bean  was  grown.  The  plants  were 
thinned  out  when  about  an  inch  high,  only  six  being  left  in 
each  pot.  The  growth  seemed  to  be  normal  throughout  the 
,  season  and  the  appearance  of  the  crops  in  the  different  pots 
was  much  the  same.  The  results  of  the  experiment  are  given 
in  Table  80. 

The  average  5aeld  was  but  very  little  larger  where  the 
largest  quantities  of  nitrogen  were  used  than  that  where  no 
nitrogen  was  used.  As  in  similar  experiments  in  1899  and 
1900  there  seemed  to  be  no  relation  between  the  quantities  of 
nitrogen  used  and  the  percentage  of  nitrogen  and  of  protein  in 
the  crop.  In  fact  in  the  experiment  for  1901  the  percentage 
of  nitrogen  decreased  slightl)-  as  the  amount  of  nitrogen  used 
for  the  different  groups  was  increased.  Attention  is  called  to 
this  not  because  the  decrease  in  the  percentage  of  nitrogen  had 
any  marked  significance,  because  it  was  slight,  but  rather  to 
point  out  that  with  soy  beans  there  seems  to  be  no  relation 
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between  the  nitrogen  in  the  crop  and  that  used  as  fertiHzer.  On 
the  whole  there  seems  to  be  no  tendencj^  for  nitrogenous  fer- 
tiHzer to  improve  the  feeding  value  of  the  so}^  bean  seeds. 

Table  80. 

Nitrogen  in  fertilizer  and  in  crop  in  pot  experiment  with  soy 
bean  seed,  igoi . 


6 

Sample. 

Fertilizer. 

P. 
p 

6 
•A 

i  0 

"S  ^ 

1 

oX 

01 

^4 

0 
Oh 

Kind. 

0 

a, 
0 
^1 

^% 

Gm. 

G. 

% 

Gms 

% 

6477 

49 

Soy  bean  seed, 

Mineral  fertilizers,    - 

— 

18 

7.02 

1.26 

43.88 

647S 

50 

Soy  bean  seed, 

Mineral  fertilizers,    - 

— 

18 

7.05 

1.27 

44.  g6 

6479 

51 

Soy  bean  seed, 

Mineral  fertilizers,    - 

— 

16 

7.26 

1. 16 

45-37 

6480 

52 

Soy  bean  seed, 

Mineral  fertilizers,    - 

— 

17 

7.24 

1.23 

45-25 

Average, 

— 

— 

17 

7.14 

1.23 

44.64 

6481 

53 

Soy  bean  seed. 

Minerals  +  ^-  nit.  ration. 

•  33i 

19 

7.16 

1.36 

44-75 

6482 

54 

^  Soy  bean  seed, 

Minerals  +  |-  nit.  ration, 

■  33i 

20 

7.06 

I-4I 

44-13 

6483 

55 

Soy  bean  seed, 

Minerals  +  i  nit.  ration. 

■  33i 

18 

7.16 

1.29 

44-75 

6484 

56 

Soy  bean  seed. 

Minerals  -j-  ^  nit.  ration. 

•  33i 

16 

7.12 

1.14 

44-50 

Average, 

— 

— 

18,7.13 

1.30 

44-53 

6485 

57 

Soy  bean  seed. 

Minerals  +  f  nit.  ration. 

.661 

21  6.94 

1.46 

43.38 

64S6 

58 

Soy  bean  seed. 

Minerals  +  f  nit.  ration. 

.66f 

22  6.90 

1.52 

43-13 

6487 

59 

Soy  bean  seed, 

Minerals  +  f  nit.  ration, 

.66^ 

196.97 

1.32 

43-56 

648S 

60 

Soy  bean  seed. 

Minerals  +  f  nit.  ration. 

.661 

19  7.G8 

1.35 

44-25 

Average, 

— 

— 

20  6.97 

1.41 

43-58 

6489 

61 

Soy  bean  seed, 

Minerals  +  full  nit.  ration, 

I.  GO 

21 

6.98 

1-47 

43-63 

6490 

62 

Soy  bean  seed. 

Minerals  +  full  nit.  ration, 

I.  GO 

23 

6.51 

1.50 

4G.69 

6491 

63 

Soy  bean  seed, 

Minerals  +  full  nit.  ration, 

I.GG 

22 

6.98 

1.54 

43-63 

6492 

64 

Soy  bean  seed. 

Minerals  +  full  nit.  ration. 

I.GG 

20 

7.09 

1.42 

44-31 

Average, 

— 

— 

21'6.89 

1 

1.48 

43-07 

SUMMARY  AND  DEDUCTIONS. 

The  purpose  of  the  pot  experiments  ivas  to  stiidy  the  effects  of 
7iitr-ogenous  fertilizers  on  the  percentages  of  jiitrogen  and  protein 
in  some  of  our  commo7i  farm  crops.  In  this  respect  they  are  simi- 
lar to  the  field  experiments  with  nitrogenoiis  fertilizers  which  the 
Station  has  conducted  during  the  past  twelve  years;  but  it  was 
thought  that  with  the  crops  grown  in  pots  the  conditions  of  the 
experiments  would  be  more  fully  under  control  and  the  results 
would  thus  have  an  increased  value,  and  would  serve  to  verify 
the  results  obtai7ied  hi  the  field  experiments. 


164  STORRS  AGRICULTURAL  EXPERIMENT  STATION. 

The  crops  were  grown  in  large  pots  and  were  pjvteded  front 
rains  by  a  plant  shelter,  although  the  plants  stood  out  of  doors  in 
pleasant  weather.  The  water  used  for  wateri^ig  the  plants  was 
practically  free  fro7n  nitrogen  and  was  all  added  artificially .  A 
natural  soil  in  which  to  grow  the  crops  ivas  taken  from  field  plots 
to  which  no  nitrogen  had  bee?i  added  since  18 go.  The  amounts 
of  7iitroge?i  used,  especially  in  the  experiments  pr'ior  to  ipoi,  were 
proportionately  much  larger  than  in  the  field  experhnents ,  al- 
though the  ratio  of  the  amounts  on  the  diffe?'ent  groups  of  pots  to 
each  other  were  the  same  as  hi  the  groiips  of  plots  of  special  nitro- 
gen field  experiments.  All  of  the  pots  zvere  siipplied  with  uniform 
quantities  of  mirier al  fertilizers,  one  group  had  the  '''one-third 
nitj^ogeji  ration,^'  one  the  ^'two-thirds  ratioji,'"  arid  one  the  'full 
ration,'''  in  addition  to  the  mhierals. 

The  7'esults  of  the  past  three  years'  experimeiits  indicate  that 
our  common  grasses  such  as  orchard  grass  and  meadow  fescue  are 
greatly  increased  in  the  perce7itages  of  nitrogeji  and  of  pi^otein  by 
the  nitrogefi  iised  as  a  fertilizer.  Similar  restdts  were  obtained 
with  Hungarian  grass  and  millet.  The  only  cereal  that  has  bee7i 
grown  in  these  experiments  is  oats.  While  the  experinieiit  has  not 
been  fodly  satisfactory  the  increase  in  perce7itage  of  protein  was 
much  larger  where  the  larger  quantities  of  nitroge^i  were  used  as 
fertilizer.  The  only  legume  which  has  been  sicccessfidly  grown  is 
the  soy  bea7t.  The  seed  of  this  pla7it  was  but  little  i7iC7'eased  either 
in  total  zveight  of  crop  or  m  the  pe7xe7itage  of  nitroge7i  by  the 
7iitroge7i  used  as  fertilizer . 

The  practical  bea7'i7ig  of  the  experi77ie7its  is  in  the  increased 
feedi7ig  vahie  of  certai7i  crops  followi7ig  a7i  i7icrease  in  7iit7'oge7i 
7tsed  as  fertilizer.  Protei7i  is  the  7nost  expe7isive  7ndrient  in 
feedi7ig  stuffs,  a7id  whatever  niethod  ca7i  be  adopted  to  hicrease 
eco7io77iically  the  a77iou7it  produced  on  the  far77i,  and  this  to  lesse7i 
the  a7nou7it  to  be  piwchased,  is  pa7dicula7'ly  adva7itageous.  These 
a7id  si77iilar  experi77ients  by  the  Statio7i  i7idicate  that  7iit7vge}ious 
fe7'tilizers  such  as  7iitrate  of  soda,  dried  blood,  ta7ikage,  or  7)ia7i- 
7i7'e  fro77i  well  fed  a7ii77ials,  77iay  be  so  used  as  to  i7icrease  co7isider- 
ably  the  perce7itages  a7id  the  total  yields  of  7iitroge7i  a7id  of 
protei7i  of  07ir  00771771071  grasses  a7id  cereals  over  zv hat  these  crops 
C07itai7i  wlie7i  g7'ozv7i  withoiU  the  use  of  such  fertilizers.  Nitrog- 
e7ious  fertilize7-s ,  07i  the  other  ha7id,  are  of  little  value  for 
i7ic7^easi7ig  the  perce7itages  of  nitroge7i  a7id  of  p7-otei7i  i7i  the  le- 
giimes,  such  as  soy  bea7is,  cozv  peas  a7id  clovers. 
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The  chemical  analyses  made  by  the  Station  during  the  past 
year  have  included  complete  analyses  of  about  300  samples 
of  food,  feces  and  urine  in  connection  with  the  metabolism 
and  digestion  experiments  with  men,  45  samples  of  various 
fodders  and  feeding  stuffs  used  in  the  dairy  herd  tests,  and  12 
samples  of  crops  from  field  experiments  with  fertilizers.  In 
addition  to  these  determinations  have  been  made  of  water  and 
nitrogen  in  59  samples  of  crops  from  the  field  experiments,  and 
of  nitrogen  only  in  59  samples  of  crops  from  the  pot  experi- 
ments. The  methods  of  analysis  were  those  recommended  by 
the  Association  of  Official  Agricultural  Chemists,  with  such 
minor  modifications  as  have  been  found  of  advantage  in  this 
laboratory. 

The  analj'ses  made  in  connection  with  the  experiments  with 
men  will  be  published  in  connection  with  the  other  details  of 
those  investigations.  The  proportions  of  nitrogen  in  the  crops 
from  the  pot  experiments  are  given  in  the  discussion  of  those 
experiments  elsewhere  in  this  report  (see  p.  154).  The  de- 
scriptions and  analyses  of  the  materials  from  the  field  experi- 
ments and  the  dairy  herd  tests  are  given  on  the  following  pages. 

The  details  of  this  article  have  been  written  by  Mr.  R. 
D.  Milner  who  has  also  superintended  the  preparation  of  the 
tables.      The  analyses  were  made  mostly  by  Mr.  E.  Osterberg. 

Table  81  shows  the  percentages  of  nitrogen  and  protein  in 
the  water-free  material  and  of  water,  dry  matter,  nitrogen  and 
protein  in  the  fresh  substance  in  the  samples  of  crops  from  the 
field  experiments.  The  analyses  of  these  crops  have  been 
limited  to  these  determinations  because  they  are  the  only  ones 
necessary  for  the  purpose  of  the  experiments.  In  the  feeding 
tests  with  dairy  herds  more  complete  analyses  of  the  fodders 
and  feeding  stuffs  were  required;  these  are  given  for  the  fresh 

12 
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substance  in  Table  82  and  for  the  water-free  material  in  Table 
83.  Analyses  of  several  samples  of  soy  bean  seeds  and  ensilage 
corn  fodder  from  field  experiments  are  also  given  in  these  tables. 

According  to  the  usual  custom  protein  is  given  in  the  tables 
as  total  nitrogen  multiplied  by  the  factor  6.25.  As  pointed 
out  elsewhere  in  the  report  (see  p.  127),  it  is  understood  that 
the  results  thus  obtained  are  only  approximately  correct,  but 
they  are  believed  to  be  sufficiently  so  for  practical  purposes. 

In  all  the  tables  of  analyses  tw^o  sets  of  averages  are  given, 
the  first  set  being  averages  of  analyses  here  published  for  the 
first  time,  the  second  set  the  averages  of  all  analyses  of  similar 
materials  thus  far  made  in  this  laboratory,  including  those  here 
reported. 

DESCRIPTION  OF  SAMPLES. 
The  conditions  under  which  the  crops  of  the  field  experi- 
ments were  grown  are  given  in  the  discussion  of  the  experi- 
ments on  pages  122  to  141  herewith.  The  following  notes  give 
a  brief  description  of  the  growth  on  the  different  plots,  the 
manner  in  which  the  different  samples  were  taken,  etc.  De- 
scriptions of  samples  of  the  various  fodders  and  feeding  stuffs 
analyzed  in  connection  with  the  dairy  herd  tests  discussed  on 
pages  81  to  104  are  also  given  here. 

GREEN  FODDERS. 

Nos.  62^2-6260.  Ensilage  corn.— Oxo^u  in  1899  on  a  series 
of  plots  similar  to  those  in  the  regular  special  nitrogen  plot  ex- 
periments; analyzed  in  1900,  but  not  previously  reported.  The 
stalks  and  leaves  were  green  and  succulent;  the  ears  were  well 
glazed.  From  the  total  crop  on  each  plot  a  large  sample  of 
about  30  pounds  was  taken  by  removing  small  portions  as  the 
crop  was  being  cut  up  for  the  silo.  The  whole  was  then  care- 
fully mixed  and  a  sub-sample  was  taken  and  dried  at  once  in  a 
steam  drier. 

ENSILAGE. 

Nos.  6^1^  and  6^2^.      Corn  and  soy  bean  ensilage. — Used  in 

dairy  herd  tests  Nos.   64  and  66  respectiveh^     In  sampling, 

portions  were  taken  from   different    parts   of  the   silo  to    the 

depth  of  about  a  foot,  and  were  thoroughly  mixed,  and  from 
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this  a  sub-sample  was  taken.  The  corn  used  in  making  the 
ensilage  was  the  large  dent  variety;  it  was  cut  late,  when  the 
ears  were  well  glazed.  The  so}''  beans  were  the  yellow  variety; 
there  was  a  good  growth,  with  pods  well  formed,  when  har- 
vested. One  load  of  beans  was  put  into  the  silo  for  every  two 
loads  of  corn. 

CURED   FODDERS. 

A/'os.  6^pj-6^i2.  Stover  of  iv kite  flint  corn. — Grown  in  the 
special  nitrogen  experiments  of  1901.  The  samples  of  stover 
were  taken  Oct.  27  and  28,  1901.  For  a  large  sample  from  a 
half  to  the  whole  amount  of  the  crop  on  each  plot  was  taken. 
This  was  cut  into  pieces  about  an  inch  long  and  thoroughly 
mixed  and  from  this  a  sub-sample  was  taken  and  dried. 

Nos.  6493-6512  were  samples  of  crops  grown  on  the  sections  at  the  north 
ends  of  the  plots,  and  Nos.  6503-6512  those  on  the  sections  at  the  south  ends. 

Nos.  6493  and  6494  were  from  plots  o  and  00.  The  growth  was  very  slender 
and  small,  with  few  small  ears;  stalks  and  leaves  pale  green  in  color. 

Nos.  6495  and  6496  were  from  plots  6a  and  bh.  There  was  ^  medium  heavy 
growth  of  stalks  but  the  ears  were  quite  light.  The  stalks  and  leaves  were  pale 
green  in  color. 

No.  6497  was  from  plot  7.  There  was  a  light  growth  of  stalks,  pale  green  in 
color,  and  ears  were  light. 

No.  6498  was  from  plot  8.  Heavy  growth  of  stalks,  fairly  green  in  color; 
ears  medium  heavy. 

No.  6499  was  from  plot  9.  Heavy  growth  of  stalks,  rich  green  in  color;  ears 
quite  heavy. 

No.  6500  was  from  plot  10.  Stalks  medium  heavy,  ears  quite  good;  stalks 
and  leaves  medium  green  in  color. 

No.  6501  was  from  plot  II.  Stalks  medium  heavy,  ears  rather  small;  stalks 
and  leaves  medium  green  in  color. 

No.  6502  was  from  plot  12.  Slender,  spindling  growth  of  stalks,  very  few 
ears;    stalks  reddish  in  color,  leaves  medium  green. 

Nos.  6503  and  6504  were  from  plots  o  and  00.  Slender,  small  growth,  ears 
very  few  and  small;  stalks  and  leaves  pale  green  in  color. 

Nos.  6505  and  6506  were  from  plots  t>a  and  tb.  Stalks  fairly  heavy  but  pale 
green  in  color;  ears  light. 

No.  6507  was  from  plot  7.  Medium  heavy  growth,  fairly  well  eared;  leaves 
and  stalks  medium  green  in  color. 

No.  6508  was  from  plot  8.  Heavy  growth  well  eared;  leaves  and  stalks  good 
color. 
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No.  6509  was  from  plot  9.  Heavy  growth,  well  eared;  leaves  and  stalks  dark 
green  in  color. 

No.  6510  was  from  plot  10.  Fairly  heavy  growth,  quite  well  eared;  leaves 
and  stalks  medium  green  in  color. 

No.  6511  was  from  plot  11  and  No.  6512  was  from  plot  12.  On  both  plots 
there  was  a  heavy  growth,  well  eared;  stalks  and  leaves  dark  green  in  color. 

Oat  /?aj/.— Used  in  dairy  herd  tests.  About  50  pounds,  com- 
posed of  small  portions  taken  from  different  parts  of  the  mow, 
was  cut  up  into  small  pieces  and  thoroughly  mixed  and  sub- 
sampled. 

No.  6389  from  dairy  herd  test  No.  59.  Hay  generally  past  full  bloom  when 
cut,  some  seed  forming;  harvested  in  good  condition.  Sample  taken  Dec.  17, 
1900. 

No.  6402  from  dairy  herd  test  No.  61.  Oats  had  made  a  good  growth  and 
were  harvested  in  good  condition  when  a  little  past  full  bloom.  Sample  taken 
Jan.  14,  1901. 

No.  6410  from  dairy  herd  test  No.  63.  Heavy  growth  of  oats,  cut  just  when 
they  were  in  the  milk  stage  and  well  cured.     Sample  taken  Feb.  7,  1901. 

No.  6417  from  dairy  herd  test  No.  65.  Heavy  growth  of  oats  harvested  when 
just  past  full  bloom.     Sample  taken  March  12,  1901. 

No.  6427  from  a  dairy  herd  test  not  included  in  the  report.  Rather  poor 
quality  of  hay,  seeds  about  half  grown  when  harvested;  quite  weedy.  Sample 
taken  March  4,  igor. 

Thnothy  hay. — No.  6395  from  dairy  herd  test  No.  60.  Nearly 
clear  timothy,  rather  fine,  cut  early;  harvested  in  good  condi- 
tion. Sample  taken  Dec.  31,  1900,  from  lot  of  about  40-50 
pounds  which  was  cut  up  into  small  pieces  and  thoroughly 
mixed. 

Hay  of  mixed  grasses. — Used  in  dairy  herd  tests.  A  sample 
of  about  50  pounds  was  made  up  of  small  portions  taken  from 
different  parts  of  the  mow;  this  was  cut  into  small  pieces  and 
then  thoroughly  mixed  and  sub-sampled. 

No.  6396  from  dairy  herd  test  No.  60.  Cut  early  and  harvested  in  good  con- 
dition.    Sample  taken  Dec.  31,  1900. 

No.  6406  from  dairy  herd  test  No.  62.  Mixture  of  timothy  and  common 
grasses;  rather  small  growth,  cut  early,  well  cured  and  in  good  condition. 
Sample  taken  Feb.  7,  1901. 

No.  6415  from  dairy  herd  test  No.  64.  Rank  growth  of  grass  but  mixed  with 
a  good  many  weeds  and  harvested  rather  past  its  prime  and  in  poor  condition. 
Sample  taken  Feb.  22,  igoi. 
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No.  64 1 S  from  dairy  herd  test  No.  65.  Good  growth,  harvested  in  good 
■season,  well  cured  and  in  good  condition.     Sample  taken  March  12,  igor. 

No.  6424  from  dairy  herd  test  No.  66.  Same  lot  of  hay  as  that  from  which 
■sample  No.  6415  was  taken;  rather  poor,  and  not  very  uniform  in  quality. 
■Sample  No.  6424  taken  March  25,  1901. 

No.  6426  from  dairy  herd  test  not  reported.  Fair  quality,  and  in  medium 
■condition  when  cut;  harvested  in  fair  condition.     Sample  taken  March  4,  igoi. 

Oat  and  pea  hay. — No.  6428  from  dairy  herd  tests  not  re- 
ported. Heavy  growth,  good  condition  when  cut,  oats  a  Httle 
past  bloom;  about  one-quarter  by  weight  of  pea  hay.  The 
sample  was  taken  April  4,  1901.  About  25-30  pounds  was  cut 
into  small  pieces  and  thoroughly  mixed  and  sub-sampled. 

Black  grass  hay. — No.  6412  from  dairy  herd  test  No.  63. 
Sample  taken  Feb.  7,  1901.  No.  6420  from  dairy  herd  test 
No.  65.  Sample  taken  March  12,  1901.  The  growth  was  short 
but  extra  heavy,  cut  when  just  past  full  bloom  and  harvested 
in  good  condition.  In  sampling,  small  portions  were  taken 
from  different  parts  of  the  mow  and  cut  into  small  pieces  which 
were  thoroughly  mixed  and  sub-sampled. 

Co7'n  stover. — Used  in  dair^^  herd  tests. 

No.  6390  from  dairy  herd  test  No.  59.  Stover  of  white  flint  corn,  which 
•made  a  good  growth  of  ears.  Sample  taken  on  Dec.  17,  1900,  from  a  lot  of 
about  700-800  pounds  which  on  December  14  had  been  cut  into  pieces  about  an 
inch  long;  the  stover  was  slightly  mouldy  and  fairly  dry. 

No.  6397  from  dairy  herd  test  No.  60.  Stover  of  flint  corn  which  had  eared 
well.  Sample  taken  Dec.  31,  1900,  from  pile  of  1200-1500  pounds  which  had 
been  cut  into  6-inch  lengths.  From  30-40  pounds  of  this  was  taken  from  dif- 
ferent parts  of  the  pile,  cut  into  smaller  pieces  and  mixed  and  sub-sampled. 
The  stover  was  bright  and  quite  dry. 

No.  6401  from  dairy  herd  test  No.  61.  Stover  from  flint  corn  that  had  eared 
heavily,  was  not  harvested  in  good  condition  and  was  considerably  mouldy. 
Sample  was  taken  Jan.  14,  1901  from  pile  of  800-900  pounds  and  cut  into  small 
pieces  which  were  mixed  and  sub-sampled. 

No.  6405  from  dairy  herd  test  No.  62.  Stover  of  Canada  flint  corn.  Small 
growth  of  stalks,  eared  well.  Stover  well  cured  and  harvested  in  good  condi- 
tion. Sample  taken  Jan.  28,  1901.  Small  quantities  were  taken  from  different 
parts  of  the  mow  and  40-50  pounds  was  cut  into  small  pieces  and  thoroughly 
mixed  and  sub-sampled. 
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No.  6409  from  dairy  herd  test  No.  63.  Stover  of  dent  corn.  Extra  heavy 
growth  of  stalks,  well  eared,  cut  early  and  stacked  in  field  until  needed;  in  good 
condition  when  brought  in  for  feeding.  Sample  taken  Feb.  7,  1901,  from 
about  a  ton  which  had  been  cut  into  small  pieces,  was  made  up  of  small  por- 
tions taken  from  different  parts  of  the  pile  of  cut  stover. 

No.  6419  from  dairy  herd  test  No.  65.  Similar  to  sample  No.  6409.  Sample 
was  taken  from  different  parts  of  a  pile  of  about  lOOO  pounds  which  had  previ- 
ously been  cut  into  small  pieces. 

MILLING  AND  BY-PRODUCTS. 

The  following  samples  were  those  of  milling  products  used 
in  the  dairy  herd  tests  during  the  winter  of  1899-1900.  The 
samples  w^ere  taken  in  such  a  w-ay  as  to  represent  averages  of 
the  different  feeds  used  during  the  tests. 

No.  6391  corn  meal  from  dairy  herd  test  No.  59.  Sample  taken  from  about 
150  pounds  of  home  grown  flint  corn. 

Nos.  6394,  6400  and  6431.  Cotton  seed  meal  from  dairy  herd  tests  Nos.  59^ 
60  and  a  test  not  reported. 

No.  639S.  Corn  and  cob  meal  from  dairy  herd  test  No.  60.  Home  growa 
flint  corn  meal  made  by  grinding  the  whole  ears. 

Nos.  6399  and  6429.  Wheat  bran  from  dairj^  herd  test  No.  60  and  one  not 
reported. 

No.  6432.  Chicago  gluten  meal  from  dairy  herd  test  not  reported. 

No.  6433.  Wheat  middlings  from  dairy  herd  test  No.  64. 

No.  6430.  Brewers'  grains  from  dairy  herd  test  not  reported. 

No.  6492.  Quaker  dairy  feed  from  dairy  herd  test  No.  59. 

No.  6393.  Pillsbury's  mixed  feed  from  dairy  herd  test  No.  59. 

No.  6403.  Grain  mixture  from  dairy  herd  test  No.  61.  Made  up  of  150  lbs, 
Quaker  dairy  feed,  300  lbs.  wheat  bran,  200  lbs.  corn  meal,  75  lbs.  cotton  seed 
meal,  125  lbs.  cream  gluten  meal. 

No.  6404.  Grain  mixture  from  dairy  herd  test  No.  62.  Made  up  of  300  lbs. 
corn  and  cob  meal,  400  lbs.  wheat  bran,  200  lbs.  cotton  seed  meal. 

No.  6408.  Grain  mixture  from  dairy  herd  test  No.  62.  Made  up  of  25  lbs. 
cream  gluten  meal,  75  lbs.  wheat  bran,  100  lbs.  cotton  seed  meal. 

No.  6413.  Grain  mixture  from  dairy  herd  test  No.  63.  Supposed  to  be 
equal  parts  of  corn  and  cob  meal  and  wheat  bran. 

No.  6416.  Grain  mixture  from  dairy  herd  test  No.  64.  Made  up  of  300  lbs. 
wheat  middlings,  100  lbs.  hominy  chop,  150  lbs.  cotton  seed  meal. 

No.  6421.  Grain  mixture  from  dairy  herd  test  No.  65.  Made  up  of  500  lbs. 
corn  and  cob  meal,  400  lbs.  wheat  bran,  125  lbs.  national  gluten  feed,  150  lbs. 
cotton  seed  meal. 
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No.  6422.  Grain  mixture  from  dairy  herd  test  No.  65.  Made  up  of  100  lbs. 
corn  and  cob  meal,  100  lbs.  cotton  seed  meal,  100  lbs.  national  gluten  feed. 

No.  6425.  Grain  mixture  from  dairy  herd  test  No.  66.  Made  up  of  400  lbs. 
wheat  bran,  200  lbs.  cotton  seed  meal,  200  lbs.  Chicago  gluten  meal,  100  lbs. 
hominy  chop. 

SEEDS. 
Nos.  6^1^-6532.  White fiint  corn  (grain). — Grown  in  special 
nitrogen  experiments  of  1901.  Samples  Nos.  6513-6522  were 
from  sections  at  the  south  ends  of  the  plots,  and  Nos.  6523- 
6532  from  sections  at  the  north  ends.  In  each  case  the  total 
amount  of  corn  on  a  plot  was  dried  until  about  Dec.  26-Jan.  4, 
when  it  was  shelled;  and  on  Jan.  22,  1902,  about  one  quart  was 
taken  for  a  sample  at  the  time  the  total  weight  of  the  crop  was 
determined.  The  sample  was  sealed  in  a  quart  fruit  jar.  All 
the  samples  from  the  sections  at  the  south  ends  of  the  plots  ex- 
cepting No.  6525,  were  partly  mouldy  when  received  at  the 
laboratory. 

Nos.  6513  and  6514  were  from  plots  o  and  00.  The  corn  was  very  small  and 
mostly  soft,  with  a  few  small  ears  on  the  plot.  Slightly  more  numerous  on 
plot  00  than  on  plot  o. 

Nos.  6515  and  6516  were  from  plots  6a  and  bb.     Growth  of  ears  rather  light. 

No.  6517  was  from  plot  7.     Growth  of  ears  light  but  well  matured. 

No.  6518  was  from  plot  8.     Growth  of  ears  good,  well  matured. 

No.  6519  was  from  plot  9.     Growth  of  ears  quite  heavy,  well  matured. 

No.  6520  was  from  plot  ro.     Growth  of  ears  medium  heavy,  well  matured. 

No.  6521  was  from  plot  11.     Growth  of  ears  fairly  well  matured. 

No.  6522  was  from  plot  12.  Growth  of  ears  light,  ears  small  and  poorly  de- 
veloped. 

Nos.  6523  and  6524  were  from  plots  o  and  00.  The  ears  were  few  and  small 
and  not  well  filled.  The  sample  as  received  at  the  laboratory  was  partly 
mouldy. 

Nos.  6525  and  6526  were  from  plots  ta  and  bb.  The  ears  were  rather  light 
in  proportion  to  the  stalks. 

Nos.  6527  was  from  plot  7.      Ears  were  quite  good  and  well  matured. 

Nos.  6528  and  6529  were  from  plots  8  and  9.  Ears  quite  heavy,  well  ma- 
tured and  filled  out. 

No.  6530  was  from  plot  10.      Ears  medium  heavy,  well  matured. 

No.  6531  was  from  plot  11  and  No.  6532  was  from  plot  12.  Ears  were  quite 
heavy,  well  matured  and  filled  out. 
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Nos.  6^33-6^^4..  Soy  bean  seed. — Nos.  6533-6542  were  the 
early  white  variet)^  grown  in  the  special  nitrogen  field  experi- 
ments of  1 901.  In  each  case  an  average  sample  of  about  one 
quart  was  taken  on  Jan.  24,  1902,  at  the  time  the  total  crop 
from  each  plot  was  weighed.  These  samples  were  sealed  in 
quart  jars.  Since  this  is  the  first  time  this  variety  of  bean 
was  grown  in  these  experiments  complete  analyses  of  a  few 
samples  were  made  in  order  to  obtain  an  idea  of  their  composi- 
tion. Nos.  6543-6554  w^ere  the  medium  early  green  variety 
grown  in  the  soil  tests  of  1901.  The  samples  were  taken  at 
the  same  time  and  in  the  same  manner  as  those  from  special 
nitrogen  experiments. 

No.  6533  was  from  plot  o  and  No.  6534  from  plot  00.  The  growth  of  vines 
was  small  and  pale  yellow  in  color  and  the  seed  development  was  light.  The 
growth  was  a  little  better  on  plot  00  than  on  plot  o. 

Nos.  6535  and  6536  were  from  plots  ta  and  db.  Growth  of  vines  and  seeds 
somewhat  lighter  than  on  nitrogen  plots;  vines  pale  yellow  in  color. 

No.  6537  was  from  plot  7.  Growth  of  vines  and  seed  medium  heavy;  vines 
good  color. 

Nos.  6538  and  6539  were  from  plots  8  and  9.  Growth  of  vines  and  seed 
quite  heavy. 

No.  6540  was  from  plot  10.  Growth  of  vines  and  seed  medium  heaw,  not 
quite  equal  to  that  on  plots  11  and  12. 

Nos.  6541  and  6542  were  from  plots  11  and  12.  Growth  of  vines  and  seed 
quite  heavy;  vines  good  color. 

No.  6543  was  from  plot  o  and  6544  from  plot  00,  and  6545  from  plot  000.  A 
light  growth  of  vines  and  small  proportion  of  pods. 

No.  6546  was  from  plot  A.  Vines  rather  light,  dark  green  in  color,  seed 
medium  heavy. 

No.  6547  was  from  plot  B.  Growth  of  vines  and  pods  medium  heavy,  bet- 
ter than  on  plot  A. 

No.  6548  was  from  plot  C.  Vines  and  seed  medium  heavy,  much  the  same 
as  on  plots  A  and  B. 

No.  6549  was  from  plot  D.  Heavy  growth  of  vines  and  seed,  better  than  on 
plot  E. 

No.  6550  was  from  plot  E.     Medium  heavy  growth  of  vines  and  seed. 

No.  6551  was  from  plot  F.  Heavy  growth  of  vines  and  seed;  vines  lighter 
than  on  plots  G,  X,  and  Y. 

No.  6552  was  from  plot  G.  Heavy  growth  of  vines  and  seed.  Growth  at 
harvest  lighter  than  on  plots  X  and  Y. 

No.  6553  was  from  plot  X,  and  No.  6554  was  from  plot  Y.  Very  heavy 
growth  of  vines  and  seed. 
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Table  81. 
Composition  of  samples  of  field  crops  g7'own  wit'h  different 
fertilizers  in  the  plot  experiments  of  igoi. 


Kind  of  Crop. 

In  Water-free 
Substance. 

In  Fresh  Substance. 
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6493 

White  flint  corn  stover. 

.98 

6.14 

31.4 

68.6 

0.7 

4.2 

6494 

White  flint  corn  stover,     - 

1-33 

8.31 

28.6 

71^4 

I.O 

5.9 

6495 

White  flint  corn  stover,     - 

•79 

4^97 

35^o 

65.0 

0.5 

3-2 

6496 

White  flint  corn  stover, 

.80 

4^99 

39-9 

60.1 

0.5 

3.0 

6497 

White  flint  corn  stover,     - 

•  73 

4.58 

36.6 

63.4 

0.5 

2.9 

6498 

White  flint  corn  stover,      - 

.73 

4-58 

23^9 

76.1 

0.6 

3.5 

6499 

White  flint  corn  stover,      - 

.90 

5-63 

25.3 

74.7 

0.7 

4.2 

6500 

White  flmt  corn  stover,     - 

.76 

4.77 

35^i 

64.9 

0.5 

3^1 

6501 

White  flint  corn  stover,      - 

1.08 

6.75 

37-7 

62.3 

0.7 

4.2 

6502 

White  flint  corn  stover,      - 

1.48 

9.27 

26.3 

73.7 

I.I 

6.8 

6503 

White  flint  corn  stover, 

1.33 

8.30 

29.9 

70.1 

0.9 

5.8 

6504 

White  flint  corn  stover, 

I. 51 

9-43 

23.2 

76.8 

1.2 

7.2 

6505 

^^'hite  flint  corn  stover. 

•  83 

5^i5 

38.8 

61.2 

0.5 

3.2 

6506 

White  flint  corn  stover, 

.80 

4^97 

28.1 

71.9 

0.6 

3.6 

6507 

White  flint  corn  stover, 

.85 

5^29 

43^8 

56.2 

0.5 

3.0 

6508 

White  flint  corn  stover, 

.98 

6.10 

35.6 

64.4 

0.6 

3.9 

6509 

White  flint  corn  stover, 

.98 

6.13 

28.7 

71-3 

0.7 

4.4 

6510 

White  flint  corn  stover. 

.89 

5-59 

49.8 

50.2 

0.5 

2.8 

6511 

White  flint  corn  stover, 

1.04 

6.49 

43^1 

56.9 

0.6 

3.7 

6512 

White  flint  corn  stover, 

1. 01 

6.29 

34-3 

65.7 

0.7 

4.1 

Average  (20), 

.99 

6.19 

33.8 

66.2 

0.7 

4.1 

Average  all  analyses  (271), 

1.05 

.6.56 

33.1 

66.9 

0.7 

4.1 

6513 

White  flint  corn, 

1.52 

9-51 

13.9 

86.1 

1^3 

8.2 

6514 

White  flint  corn. 

1. 41 

8.83 

14.4 

85.6 

1.2 

7.6 

65x5 

White  flint  corn, 

1.52 

9.48 

17.6 

82.4 

1.3 

7.8 

6516 

White  flint  corn, 

1.40 

8.76 

15.8 

84.2 

1.2 

7.4 

6517 

White  flint  corn. 

1-52 

9^47 

14.9 

85.1 

1.3 

8.1 

6518 

White  flint  corn, 

1.52 , 

9.48 

16.2 

83.8 

1.3 

7.9 

6519 

White  flint  corn. 

1-57 

9^83 

16. 1 

83.9 

1^3 

8.2 

6520 

White  flint  corn, 

r.48 

9.24 

17.5 

82.5 

1.2 

7^6 

6521 

White  flint  corn. 

1.47 

9.22 

19-3 

80.7 

1.2 

7.4 

6522 

White  flint  corn, 

1.58 

9.86 

18.2 

81.8 

1-3 

8.1 

6523 

White  flint  corn, 

1.67 

10.43 

15.0 

85.0 

1-4 

8.9 

6524 

White  flint  corn. 

1-59 

9.96 

15.9 

84.1 

1-3 

8.4 

6525 

White  flint  corn, 

1.23 

8.31 

17.4 

82.6 

I.I 

6.9 

6526 

White  flint  corn, 

1.32 

8.24 

18.8 

81.2 

I.I 

6.7 

6527 

White  flint  corn. 

1-45 

9.06 

17.2 

82.8 

1.2 

7-5 

6528 

White  flint  corn, 

1.62 

10.16 

19.9 

80.1 

1-3 

8.1 

6529 

White  flint  corn. 

1.64 

10.23 

18.2 

81.8 

1.3 

8.4 

6530 

White  flint  corn. 

I-3I 

8.17 

18. r 

81.9 

I.I 

6.7 

6531 

White  flint  corn, 

i.6r 

10.05 

12.3 

87.7 

1-3 

7.8 

6532 

White  flint  corn, 

1.48 

9.29 

20.5 

79-5 

1.2 

7.4 

Average  (20), 

1.49 

9.38 

16.9 

83.1 

1.2 

7.7 

Average  all  analyses  (253), 

1.73 

10.81 

17.2 

82.8 

1.4 

9.0 
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Table  8i. — (Contimied.) 


In  Water-free  j 
Substance. 

In  Fresh  Substance. 

6 

^_^ 

u 

,-. 

p 

<u 

0 

Kind  of  Crop. 

u 

a  N 

u 

ii 

& 

C  N 

.Q 

bo 

'S^' 

V 

cfl 

bo 

'tJ^ 

s! 

p 

ox 

C3 

s 

0 
u 

ox 

2 

^^ 

P 

2 

""^ 

"' 

% 

% 

% 

% 

% 

% 

6533 

Soy  bean  seed, 

7-15 

44.68 

9-1 

90.9 

6.5 

40.6 

6534 

Soy  bean  seed, 

7-34 

45.87 

8.0 

92.0 

6.8 

42.2 

6535 

Soy  bean  seed, 

6.65 

41-57 

9-7 

90-3 

6.0 

37.6 

6536 

Soy  bean  seed, 

6.28 

39-27 

8.6 

91.4 

5-7 

35-9- 

6537 

Soy  bean  seed, 

6.77 

42.33 

9-8 

90.2 

6.1   j  38.2 

6538 

Soy  bean  seed. 

7.01 

43-83 

9-6 

90.4 

6.3  ;  39-6- 

6539 

Soy  bean  seed, 

7.06 

44-11 

9-3 

90-7 

6.4    !    40.0 

6540 

Soy  bean  seed. 

6.45 

40.29 

8.6 

91.4 

=^-9      36.8 

6541 

Soy  bean  seed, 

6.41 

40.07 

8.1 

91.9 

5-9  1  36-8 

6542 

Soy  bean  seed. 

6.34 

39.60 

9-5 

90.5 

5-8  ;  36-4- 

6543 

Soy  bean  seed, 

6.80 

42.48 

II. 7 

88.3 

6-0     ;     37.5 

6544 

Soy  bean  seed. 

6.96 

43-52 

10.5 

89-5 

6.2 

38.9. 

6545 

Soy  bean  seed, 

6.96 

43-50 

10.4 

89.6 

6.2 

39-0 

6546 

Soy  bean  seed. 

6.82 

42.66 

II. I 

88.9 

6.1 

37-9 

6547 

Soy  bean  seed. 

7.00 

43-73 

II. 7 

88.3 

6.2 

38.6, 

6548 

Soy  bean  seed, 

6.48 

40.47 

10.6 

89.4 

5.8 

36.2 

6549 

Soy  bean  seed, 

7-03 

43-91 

10.8 

89.2 

6.3 

39-2 

6550 

Soy  bean  seed. 

6.70 

41.90 

12.9 

87.1 

5.8 

36.5 

6551 

Soy  bean  seed. 

6.45 

40.30 

10. 0 

90.0 

5-8 

36.3. 

6552 

Soy  bean  seed. 

6.73 

42.09 

"•5 

88.5 

6.0 

37-3 

6553 

Soy  bean  seed. 

6. 91 

43-17 

9-5 

90.5 

6.3 

39-1 

6554 

Soy  bean  seed. 

7.12 

44-50 

10. 1 

89.9 

6.4 

40.  a 

Average  (22), 

6.79 

42.45 

10.0 

90.0 

6.1  ;  38.2 

Average  all  anal3'ses  (77), 

6.68 

41.73 

9.1 

90.9 

6.0    37. a 
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Table  82. 

Composition  of  fodders  and  feeding  stuffs  a7ialyzed  ipoo-ipor. 
Calculated  to  water  content  at  time  of  taking  sample. 


6 

Feeding  Stuffs. 

'J 
0 

u 

(0 

a; 
u 

Pi's 
P  « 

% 

1- 

E 
% 

< 

> 

7;    CI 

Green  fodders. 

% 

% 

% 

Cal. 

6252 

Ensilage,  corn,         -         .         .         . 

63.6 

3.8 

1-3 

25.8 

4-1 

1-4 

68a 

6253 

Ensilage,  corn,         .... 

68.0 

3 

3 

I 

2 

20.3 

5.3 

9 

590 

6254 

Ensilage,  corn,          .... 

64.2 

3 

2 

I 

5 

23.6 

5.9 

6 

670 

6255 

Ensilage,  corn,         -         -         .         . 

66.9 

3 

3 

I 

2 

19.9 

7.1 

6 

615 

6256 

Ensilage,  corn,          .... 

66.0 

3 

3 

I 

4 

19. 1 

8.4 

8 

63a 

6257 

Ensilage,  corn,          -         .         .         . 

64.0 

3 

4 

I 

4 

23.6 

5.8 

8 

670 

6258 

Ensilage,  corn,          .... 

65.2 

3 

5 

I 

3 

23.0 

5-2 

8 

645 

6259 

Ensilage,  corn,          .... 

65.4 

3 

8 

I 

2 

22.2 

5-5 

9 

635 

6260 

Ensilage,  corn,          .... 

65.0 

3 

I 

I 

2 

22.1 

6.5 

2 

I 

640 

Average  (9),        - 

65.3 

3 

4 

1 

3 

22.0 

6.0 

1 

8 

640 

Average  all  analyses  (12),   - 

67.0 

3 

1 

1 

3 

20.9 

6.0 

1 

7 

610 

Ensilage. 

6414 

Corn  and  soy  bean  ensilage,     - 

70.1 

2.9 

1.3 

17.5 

6.5 

1.7 

555 

6423 

Corn  and  soy  bean  ensilage, 

70.3 

2.8 

1 .0 

17.4 

6.5 

2.0 

540 

Average  (2),        .... 

70.2 

2.8 

1.2 

17.5 

6.5 

1.8 

550 

Cured  fodders. 

6389 

Hay,  oat,         .         .         -         .         . 

5.3 

6.4 

3-2 

49-4 

29.8 

5.9 

1725 

6402 

Hay,  oat,         ..... 

13-9 

6.0 

3-3 

45-9 

25.1 

5.8 

1570 

6410 

Hay,  oat,         ..... 

7-7 

6.5 

1-5 

49.8 

29.1 

5.4 

1650 

6417 

Hay,  oat,         ..... 

6.2 

7-5 

2.9 

44.5 

31.9 

7.0 

1680 

6427 

Hay,  oat,          ..... 

9.1 

9-5 

2.7 

43.3 

28.6 

6.8 

1630 

Average  (5), 

8.4 

7.2 

2.7 

46.6 

28.9 

6.2 

1650 

Average  all  analyses  (21),   - 

10.6 

8.0 

3.1 

44.1 

28.7 

5.5 

1635 

6395 

Hay,  timothy,           .... 

5.9 

7-3 

3-1 

48.1 

30.2 

5-4 

1725 

Average  all  analyses  (6),      - 

9.6 

7.0 

2.9 

44.8 

30.1 

5.6 

1645 

6396 

Hay,  mixed  grasses,          ... 

5.8 

8.0 

3-7 

48.3 

28.0 

6.2 

1725 

6406 

Hay,  mixed  grasses,          ... 

5.7 

7.9 

3.2 

51.3 

26.9 

5.0 

1735 

6411 

Hay,  mixed  grasses,          .         . 

5.6 

6.1 

3.6 

49-6 

30.1 

5.0 

1745 

6415 

Hay,  mixed  grasses,         ... 

15-5 

6.1 

2.9 

42.5 

27.8 

5.2 

1545 

6418 

Hay,  mixed  grasses,      ,    . 

9-3 

6.9 

3.2 

50.3 

25.6 

4-7 

1675 

6424 

Hay,  mixed  grasses,         .         - 

10.5 

7.8 

3-2 

46.8 

24.4 

7-3 

1605 

6426 

Hay,  mixed  grasses,          ... 

8.7 

8.8 

2.7 

45.2 

28.9 

5-7 

1655 

Average  (7),        -         .   ,      - 

8.7 

7.4 

3.2 

47.7 

27.4 

5.6 

1670 

Average  all  analyses  (56),   - 

11.3 

7.9 

3.0 

44.5 

28.0 

5.3 

1620 

6428 

Hay,  oat  and  pea,    -         -         .         . 

10.5 

10.5 

1.8 

37.8 

30.9 

8.5 

1550 

Average  all  analyses  (2),     - 

11.3 

10.8 

1.9 

39.3 

28.6 

8.1 

1545 

6412 

Hay,  black  grass,     .... 

6.7 

8.8 

3.6 

49-1 

23.8 

8.0 

1670 

6420 

Hay,  black  grass,     .... 

12.9 

6.5 

2.7 

48.4 

22.2 

7.3 

1550 

Average  (2),        .... 

9.8 

7.6 

3.2 

48.7 

23.0 

7.7 

1610 

6390 

Corn  stover,     ..... 

7.9 

8.2 

1.7 

43-3 

31.9 

7.0 

1625 

6397 

Corn  stover,     .         .         .         .         . 

7.1 

4-3 

1.8 

47-2 

32.3 

7.3 

1635 

6401 

Corn  stover,     ..... 

27.4 

4-9 

I.O 

35-4 

25.2 

6.1 

1260 

6405 

Corn  stover,     ..... 

10. 8 

4.7 

2.0 

47.0 

29.8 

5.7 

1600 

6409 

Corn  stover,     ..... 

9-3 

5-3 

1.5 

46.9 

32.1 

4.9 

1630 

6419 

Corn  stover,    ..... 

12.6 

5-4 

1.3 

47-0 

28.9 

4.8 

1565 

Average  (6),        - 

12.5 

5.5 

1.5 

44.5 

30.0 

6.0 

1550 

Average  all  analyses  (211), 

38.7 

3 

8 

1. 

2 

31.3 

20.8 

4.2 

1090 
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Table  82. — (Continued.) 


6 

Feeding  Stuffs. 

l-H* 

'E 
0 

;-< 

fa 
% 

CI 

Is 

p  M 
% 

l-c 

S 
% 

< 

> 

fa 

Seeds. 

% 

% 

Cal. 

6551 

Soy  bean  seed,          .... 

10. 0 

36.3 

20.6 

21.7 

5.8 

5.6 

2055 

6552 

Soy  bean  seed,          -         .         .         . 

ii.5 

'37-3 

19.9 

20.9 

5.0 

5-4 

2015 

6554 

Soy  bean  seed,          .         .         .         . 

10. 1 

40.0 

19.4 

21 .0 

4.2 

5.3 

2030 

Average  (3),        - 

10.5 

37.9 

20.0 

21.2 

5.0 

5.4 

2035 

Average  all  analyses  (38),  - 

8.4 

36.9 

18.5 

26.8 

3.8 

5.6 

2035 

Milling  and  By-Prodiicts. 

6391 

Corn  meal,       ----- 

10.6 

9-3 

4.3 

73-1 

1.4 

1-3 

1740 

Average  all  analyses  (28),    - 

13.0 

9.5 

4.5 

70.0 

1.5 

1.5 

1695 

6394 

Cotton  seed  meal,     -         -         -         - 

7-7 

40.1 

10.2 

30.0 

5.0 

7.0 

1825 

6400 

Cotton  seed  meal,    -         -         -         - 

9.9 

44.4 

12.3 

23. 1 

3.3 

7.0 

1835 

6431 

Cotton  seed  meal,    .         -         -         - 

7.7:41.7 

9.6 

27.6 

6.2 

7.2 

1810 

Average  (3),        -         .         -         . 

8.442.1 

10.7 

26.9 

4.8 

7.1 

1825 

Average  all  analyses  (25),    - 

7.2:44.2 

11.6 

25.8 

4.4 

6.8 

1875 

6398 

Corn  and  cob  meal, 

II. 7 

7.9 

4.0 

71-3 

3.6 

1-5 

1710 

Average  all  analyses  (20),    - 

13.0 

9.5 

4.2 

68.5 

3.3 

1.5 

1690 

6432 

Chicago  gluten  meal,        -         -         . 

8.7 

40.5 

2.9 

45.1 

1.7 

I.I 

1745 

Average  all  analyses  (15),  - 

8.8 

36.9 

5.4 

45.5 

2.4 

1.0 

1805 

6399 

Wheat  bran,    ----- 

9.2 

15. 1 

4.0 

56.5 

8.8 

6.4 

1665 

6429 

Wheat  bran,    - 

9.3 

15.5 

4.6 

53.4 

10.6 

6.6 

1675 

Average  (2),        - 

9.315.3 

4.3 

54.9 

9.7 

6.5 

1665 

Average  all  analyses  (51),   - 

9.716.8 

5.0 

53.4 

9.4 

5.7 

1690 

6433 

Wheat  middlings,    -         .         -         - 

12.4 

15.6 

2.9 

65.2 

1-7 

2.2 

1655 

Average  all  analyses  (18),    - 

10.4 

18.1 

4.9 

56.6 

6.0 

4.0 

1710 

6430 

Brewers'  grains,       .         -         -         - 

5-9 

25.4 

7-3 

43.4 

14.7 

3.3 

i860 

6392 

Quaker  dairy  feed,  -         -         -         - 

7-5 

18.5 

4.0 

55.3 

9-7 

5.0 

1720 

6393 

Pillsbury's  fancy  mixed  feed,    - 

S.3 

17.4 

4.9 

56.2 

8.2 

5.0 

1730 

6403 

Grain  mixture,           -         -         -         - 

7.9 

18.7 

4.9 

58.7 

6.2 

3.6 

1760 

6404 

Grain  mixture,          -         -         -    '     - 

12.0 

30.1 

5.9 

42.3 

6.3 

3.4 

1715 

6407 

Grain  mixture,          -    •     - 

10.6 

19.2 

5.6 

53.5 

6.5 

4.6 

1710 

6408 

Grain  mixture,          -         .         .         . 

7.6 

32.1 

8.2 

42.8 

5-2 

4.1 

1835 

6413 

Grain  mixture,          .         -         -         . 

8.7 

15.3 

4.0 

62.0 

5-5 

4.5 

1710 

6416 

Grain  mixture,          .          .         -         - 

7.6 

23.4 

5.7 

55.7 

3.8 

3.8 

1780 

6421 

Grain  mixture,          -          .         -         - 

9-5 

18.3 

4.8 

58.5 

5.0 

3.9 

1725 

6422 

Grain  mixture,          -         -         -         - 

8.0 

27.0 

6.2 

51-7 

4.1 

3.0 

1800 

6425 

Grain  mixture,          -         -         -         - 

7.3 

25.9 

6.4 

48.8 

6.1 

5.5 

1775 
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Table  S3. 

Composition  of  ivater-free  s^ibstance  of  fodders  and  feeding  stuffs 
analyzed  in  i8gg-igoo. 


d 

j3 

3 

i? 

Feeding  Stuffs. 

"C 

CO 

u 
J3 

to 

> 

)4 

0 
CM 

fe 

0  K 

'^ 

< 

"oJ 

Green  fodders. 

% 

% 

% 

% 

% 

Cal. 

6252 

Ensilage,  corn,         .         .         .         . 

10.51 

3.60 

70.71 

11.32 

3.86 

1875 

6253 

Ensilage,  corn,          .         .         .         - 

10.38 

3.73 

63.34 

16.54 

6.01 

I&35 

6254 

Ensilage,  corn,         .         -         .         . 

8.91 

4.15 

65.92 

16.52 

4.50 

1875 

6255 

Ensilage,  corn,          .         .         _         . 

10.12  3.59 

60.05 

21.37 

4.87 

1855 

6256 

Ensilage,  corn,         .         .         .         _ 

9-64 

4.24 

56.22 

24.63 

5.27 

1860 

6257 

Ensilage,  corn,          .         -         -         . 

9.48 

3. 86 

65.64 

16.17 

4.85 

i860 

625S 

Ensilage,  corn,         .         .         .         - 

10.09 

3.69 

66.13 

14.83 

5.26 

1850 

6259 

Ensilage,  corn,          .... 

10.96 

3.53 

64.12 

15.84 

5.55 

1840 

6260 

Ensilage,  corn,          .         .         .          . 

8.94 

3.49 

62.96 

18. 68 

5.93 

iS'^o 

Average  (9),        -         -         -         - 

9.89i3.77 

63.90 

17.32 

5.12 

1855 

Average  all  analyses  (12),   - 

9.52 

3.79 

63.10 

18.40 

5.19 

1855 

Ensilage. 

6414 

Corn  and  soy  bean  ensilage,     - 

9.86 

4.21 

58.72 

21.60 

5.61 

1855 

6423 

Corn  and  soy  bean  ensilage,     - 

9.61 

3.28 

58.46 

22.02 

6.63 

1815 

Average  (2),        - 

9.73 

3.75 

58.59 

21.81 

6.12 

1835 

Cured  fodders. 

6389 

Hay,  oat, 

6.80 

3.38 

52.14 

31.46 

6.22 

1825 

6402 

Hay,  oat,          -         -         - 

6-94 

3.78 

53.34 

29.16 

6.78 

1825 

6410 

Hay,  oat,          ----- 

6. 98 

1.65 

53.96 

31.57 

5.84 

1790 

6417 

Hay,  oat,         ----- 

7.99 

3.09 

47.48 

33.96 

7.48 

1795 

6427 

Hay,  oat,          ----- 

10. 4612.93 

47.60 

31.52 

7.49 

1790 

Average  (5),        -         -         -         - 

7.83 

2.97 

50.91 

31.53 

6.76 

1805 

Average  all  analyses  (21),    - 

8.94 

3.43 

49.39 

32.06 

6.18 

1825 

6395 

Hay,  timothy,           .         -         .         . 

7.77 

3.29 

51.17 

32.05 

5.72 

1830 

Average  all  analyses  (6),      - 

7.79 

3.16 

49.53 

33.36 

6.16 

1820 

6396 

Hay,  mixed  grasses,          .         -         - 

8.49 

3-93 

51.30 

29.75 

6.53 

1830 

6406 

Hay,  mixed  grasses,          -         -         - 

8.42 

3.42 

54.36 

28.52 

5. -28 

1840 

6411 

Hay,  mixed  grasses,          .         -         - 

6.48 

3.80 

52.57 

31.83 

5.32 

1850 

6415    Hay,  mixed  grasses,          -         -         . 

7.21 

3.40 

50.29 

32.89 

6.21 

1825 

6418 

Hay,  mixed  grasses,          -         -         - 

7.58 

3.50 

55.44 

28.28 

5.20 

1845 

6424 

Hay,  mixed  grasses. 

8.6713.58 

52.34 

27.25 

8.16 

1795 

6426 

Hay,  mixed  grasses,          -         -         - 

9 .  60  3  .  00 

49-47 

31.64 

6.29 

1S15 

Average  (7),        .         -          .         - 

8.073.52 

52.25 

30.02 

6.14 

1830 

Average  all  analyses  (56),  - 

8.893.34 

50.19 

31.58 

6.00 

1825 

6428 

Hay,  oat  and  pea,    -         -         -         - 

11.69  2.01 

42.30 

34-53 

9.47 

1730 

Average  all  analyses  (2),     - 

12.162.15 

44.39 

32.20 

9.10 

1740 

6412 

Hay,  black  grass,     -         -         -         - 

9.44:3.83 

52.65 

25.48 

8.60 

1790 

6420 

Hay,  black  grass,     -         -         -         - 

7.39^3.06 

55.60 

25.54 

8.41 

1775 

Average  (2),        -         -         -         - 

8.423.44 

54.13 

25.51 

8.50 

1785 

6390 

Corn  stover,    ----- 

8.95 

1.82 

46.99 

34.63 

7.61 

1760 

63971   Corn  stover,     -         -         -         -         - 

4.64 

1.94 

50.78 

34.81 

7.83 

1760 

6401 

Corn  stover,     -         -         -         -         - 

6.72 

1.41 

48.74 

34.81 

8.32 

1740 

6405 

Corn  stover,    -         -         -         -         - 

5.27 

2.30 

52.65 

33.37 

6.41 

1795 

6409 

Corn  stover,     ----- 

5.90:1.64 

51.71 

35-37 

5.38 

1800 

6419 

Corn  stover,     -         -         -         -         - 

6.16  1 .54 

53. So 

33-04 

5.46 

1795 

Average  (6),        - 

6.271.78 

50.78 

34.34 

6.83 

1775 

"Average  all  analyses  (211), 

6.37 

2.00 

51.11 

33.82 

,6.70 

1780 
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Table  83. — (Continued.) 


6 

t4 

Feeding  Stuffs. 

2 

1- 

A  ti 
p  « 

< 

li 
3 

> 

Seeds. 

% 

% 

% 

% 

% 

Cal. 

■6551 

Soy  bean  seeds,        .         .         .         . 

40.30 

22.90 

24.07 

6-47 

6.26 

2285 

6552 

Soy  bean  seeds,        -         .         .         - 

42.09 

22.49 

23.61 

5-67 

6.14 

2275 

6554 

Soy  bean  seeds,        .         .         .         - 

44.5021.54 

23.36 

4.64 

5-96 

2255 

Average  (3), 

42.30  22.31 

23.68 

5.59 

6.12 

2275 

Average  all  analyses  (38),   - 

40.32j20.19 

29.20 

4.16 

6.13 

2220 

Milling  and  By-Products. 

6391 

Corn  meal,       ----- 

ro.42 

4.80 

81.76 

1-52 

1.50 

1945 

Average  all  analyses  (28),   - 

10.96 

5.14 

80.46 

1.73 

1.71 

1950 

6394 

Cotton  seed  meal,    -         .         -         - 

43-40 

11.04 

32.55 

5-47 

7-54 

1980 

6400 

Cotton  seed  meal,    -         .         -         - 

49-32 

13.60 

25.67 

3-64 

1.11 

2035 

6431 

Cotton  seed  meal,    -         -         -         - 

45-21 

10.36 

29.87 

6.73 

7.83 

1060 

Average,     ----- 

45.9811.67 

29.36 

5.28 

7.7111991 

Average  all  analyses  (25),   - 

47.6812.46 

27.83 

4.72 

7.312020 

■6398 

Corn  and  cob  meal,           -         -         - 

8.93 

4-51 

80.80 

4.08 

1.68 

1935 

Average  all  analyses  (20),    - 

10.94 

4-77 

78.74 

3-82 

1.73 

1940 

■6432 

Chicago  gluten  meal,        -         -         . 

44-36 

3-13 

49-43 

I.Q2 

1. 16 

igio 

Average  all  analyses  (15),   - 

40.46 

5.83 

49.95 

2.65 

1.111975 

6399 

Wheat  bran,    ----- 

16.65 

4-38 

62.25 

9-74 

6.98I1835 

6429 

Wheat  bran, 

17.10 

5-03 

58.89 

II  .72 

7-26:1845 

Average  (2),        - 

16.87 

4.71 

60.57 

10.73 

7.121840 

Average  all  analyses  (51),    - 

18.64 

5.54 

59.13 

10.42 

6.27|1875 

6433 

Wheat  middlings,    -         -         -         . 

17-84 

3.34 

74-45 

1.92 

2.45  1895 

Average  all  analyses  (18),   - 

20.19 

5.51 

63.14 

6.69 

4.47 

1905 

6392 

Quaker  dairy  feed,  -         -         -         - 

20.01 

4-37 

59.80 

10.47 

5.35 

1865 

6430 

Brewers'  grains,        -         -         -         - 

26.95 

7.72 

46.18 

15-64 

3-51 

1975 

6393 

Pillsbury's  fancy  mixed  feed,   - 

19.01 

5-35 

61 .29 

8.91 

5-44 

1885 

6403 

Grain  mixture,          -         -         -         - 

20.29 

5-29 

63-78 

6.72 

3-92 

1910 

6404 

Grain  mixture,          -         -         .         - 

34.18 

6-73 

48.06 

7-15 

3-88 

1945 

6407 

Grain  mixture,          -         .         .         . 

21.46 

6.24 

59.88 

7-30 

5-12 

1910 

6408 

Grain  mixture,          .         -         -         . 

34-70 

8.83 

46.35 

5-69 

4-43 

1985 

6413 

Grain  mixture,          .         -         -         - 

16.74 

4-37 

67-95 

6.01 

4.93 

1870 

6416 

Grain  mixture,          -         -         -         - 

25.27 

6.16 

60.30 

4-11 

4-16 

1930 

6421 

Grain  mixture,          -         -         .         . 

20.20 

5-31 

64.64 

5-53 

4-32 

1905 

6422 

Grain  mixture,          -         -         -         - 

29-34 

6.69 

56.21 

4-49 

3-27 

1955 

6425 

Grain  mixture,          -         . 

27.91 

6.88 

52.62 

6.62 

5.97 

1910 
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ON  THE  DIGESTIBILITY  AND  AVAILABILITY  OF 
FOOD  MATERIALS. 


BY  W.   O.   ATWATER. 


As  Stated  in  previous  reports,  the  Station  has  for  several 
3^ears  cooperated  with  the  U.  S.  Department  of  Agriculture  in 
experimental  inquiries  upon  the  food  and  nutrition  of  man. 
These  inquiries  have  included  analyses  of  food  materials,  de- 
terminations of  their  heats  of  combustion  and  fuel  values, 
dietary  studies  in  which  observations  were  made  of  the  kinds 
and  amounts  of  food  consumed  by  people  of  different  classes, 
experiments  on  the  amounts  of  the  nutrients  of  food  digested 
and  made  available  to  the  body  and  finally,  so-called  metabol- 
ism experiments,  the  purpose  of  which  is  the  study  of  some  of 
the  fundamental  laws  of  nutrition.  A  large  number  of  these 
latter  experiments  have  been  made  with  the  respiration  calo- 
rimeter which  was  described  in  the  Report  of  the  Station  for 
1897.  The  object  of  these  experiments  is  to  study  the  income 
and  outgo  of  material  and  energy  in  the  human  body  and  thus 
obtain  information  regarding  the  ways  in  which  the  body  uses 
its  food,  the  values  of  different  food  materials  for  nourishment, 
and  the  kinds  and  amounts  fitted  to  the  demands  of  people  of 
different  classes  and  under  different  conditions. 

One  important  factor  of  the  nutritive  value  of  a  given  food 
is  its  digestibility.  The  word  digestibility  in  popular  parlance 
has  a  by  no  means  definite  signification.  As  used  by  the 
physiologist  it  applies  to  the  chemical  changes  which  the  food 
undergoes  in  the  alimentary  canal  in  order  to  fit  it  for  absorp- 
tion and  consequent  utilization  by  the  body.  The  particular 
feature  of  the  digestibility  of  food  in  this  sense  is  found  in  the 
quantities  of  the  several  nutrients  which  are  thus  digested,  ab- 
sorbed and  made  available  to  the  body.  The  purpose  of  the 
present  article  is  to  give  the  results  of  a  considerable  number 
of  digestion  experiments  in  their  bearing  upon  this  especial  sub- 
ject, namely,  the  proportions  of  the  nutrients  of  food  materials 
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which  are  digested  and  made  available  to  the  body  for  the  chief 
purposes  of  nutrition,  i.  e.,  the  building  of  tissue  and  the  yield- 
ing of  energy.  The  methods  pursued  in  the  experiments  and 
the  ways  in  which  the  results  are  interpreted  have  been  ex- 
plained in  previous  reports.*  A  brief  recapitulation  will  there- 
fore suffice  here. 

Of  the  total  food  eaten,  the  larger  part  is  digested,  but  small 
portions  escape  the  action  of  the  digestive  juices  and  are  ex- 
creted in  the  feces.  Along  with  this  undigested  residue  of  the 
food  there  is  in  the  feces  a  certain  amount  of  other  material 
making  up  the  so-called  metabolic  products.  These  metabolic 
products  consist  largely  of  the  residues  of  the  digestive  juices 
which  have  been  poured  into  the  alimentary  canal  and  not  re- 
absorbed. Thej^  contain,  however,  more  or  less  of  other  ex- 
cretory products.  Taken  together  they  represent  a  part  of  the 
cost  of  the  digestion  of  the  food. 

In  the  stricter  sense,  the  digestible  portion  of  the  food  is 
that  which  is  actually  taken  into  the  circulation;  it  would  be 
found  by  subtracting  the  undigested  residues  from  the  total 
food.  Thus  far,  however,  no  satisfactory  and  convenient 
method  has  been  devised  for  separating  the  undigested  resi- 
dues from  the  metabolic  products  in  the  feces,  consequently 
the  actual  digestible  portion  of  the  food  cannot  be  easily  de- 
termined. But  the  real  object  of  such  digestion  experiments 
as  are  here  reported  is  to  find  what  proportion  of  food  and  its 
several  ingredients  is  actually  made  available  to  the  body;  and 
as  the  whole  material  of  the  feces,  including  the  undigested  res- 
idue and  metabolic  products,  is,  in  this  sense,  unavailable,  the 
difference  between  the  amounts  of  the  several  constituents  of 
the  feces  and  the  corresponding  constituents  of  the  food,  which 
apparently  represents  the  digestibility,  actually  represents  the 
availability  of  the  food.  In  discussions  of  this  sort  the  words 
digestible  and  digestibility^  are  commonly  applied  to  the  amounts 
which  are  thus  made  available;  that  is  to  sa)^  the}^  represent 
the  difference  between  total  food  and  total  feces;  but  inasmuch 
as  this  difference  represents  not  the  total  amounts  digested  but 
the  amounts  digested  minus  the  metabolic  products,  the  use  of 
these  terms  is  not  entirely  accurate.  Instead  of  the  above  the 
terms  available  and  availability  have  been  suggested  as  express- 
ing more  exactly  the  quantities  which  are  actually  utilized  by 

*  Report  for  1896,  p.  163  and  1897,  p.  154. 
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the  bod}'  for  the  building  and  repair  of  tissue  and  the  yielding 
of  energy,  and  have  been  so  used  in  previous  reports  of  the 
Station. 

In  accordance  with  the  above  explanation,  the  available  nu- 
trients of  food  are  found  by  subtracting  the  total  amounts  in 
the  feces  from  the  total  amounts  in  the  food.  In  like  manner, 
the  digestible  nutrients,  that  is,  the  amounts  actually  digested, 
would  be  found  by  subtracting  the  total  amounts  in  the  un- 
digested residues  from  the  total  amounts  in  the  food.  The 
difference  between  the  available  nutrients  and  the  digestible 
nutrients  would  thus  be  represented  by  the  amounts  corre- 
sponding to  the  metabolic  products. 

In  deference  to  common  usage  we  here  employ  the  word 
"digestible"  in  some  cases  as  synonymous  with  "available" 
but  with  a  very  definite  understanding  that  such  use  of  the 
term  "digestible"  and  the  corresponding  term  "digestibility" 
is  not  exactly  accurate. 

The  digestion  experiments  here  reported  form  part  of  the 
metabolism  experiments  with  man  in  the  respiration  calorim- 
eter. As  has  been  explained  in  preceding  reports,  the  data  of 
the  metabolism  experiments  include  statistics  of  the  amounts 
of  nutrients  consumed  in  the  food  and  excreted  in  the  feces. 
Furthermore,  each  metabolism  experiment  or  series  of  experi- 
ments is  preceded  bj''  a  preliminary  period  in  which  the  subject 
while  outside  the  respiration  chamber  receives  the  same  kind 
of  diet,  and  the  amounts  of  nutrients  in  the  food  and  feces  are 
determined.  The  data  thus  secured  give  important  informa- 
tion regarding  the  digestibility  and  availability  of  the  nutrients 
of  mixed  diet. 

Subjects. — Three  different  men  served  as  subjects  of  the  ex- 
periments. They  were  all  young,  active,  in  excellent  health, 
their  digestion  was  apparently  normal,  and  they  did  not  find 
the  conditions  of  the  experiment  irksome.  E.  O.,  an  assistant 
in  the  laboratory,  was  a  Swede  who  had  lived  a  number  of 
years  in  this  countr3^  He  was  32  years  old,  and  weighed 
about  70  kilograms  (154  pounds).  J.  F.  S.,  a  chemist  assist- 
ing in  conducting  the  metabolism  experiments,  was  a  Cana- 
dian, 29  years  old,  and  weighing  about  65  kilograms  (145 
pounds).  J.  C.  W.  was  a  college  student,  an  American,  22 
years  of  age  and  weighing  about  80  kilograms  (176  pounds). 

13 
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Occupation. — The  metabolism  experiments  were  both  rest  and 
work  experiments.  During  the  period  preHminary  to  the  rest 
experiments  the  subject  was  generally  engaged  in  his  usual  oc- 
cupation, but  avoided  muscular  exertion,  conforming  his  activ- 
ities as  much  as  possible  to  those  of  the  coming  calorimeter 
experiment;  during  his  sojourn  in  the  respiration  chamber  he 
remained  as  quiet  as  practicable.  In  the  work  experiments 
the  subject  spent  the  preliminar}'  period  at  his  regular  occupa- 
tion, and  in  addition,  walked  or  rode  a  bicycle  out  doors  a  con- 
siderable distance  each  day  in  pleasant  weather,  or  exercised 
upon  a  "home  trainer"  within  doors  in  storni}^  weather. 
During  the  period  within  the  chamber  he  spent  eight  hours 
each  day  regularl}'  operating  a  stationary  bic3^cle  arranged  as 
an  ergometer.  The  purpose  was  to  perform  a  reasonable  but 
not  excessive  amount  of  work.  In  onl}^  one  experiment  was 
the  work  at  all  severe. 

Diet. — The  diet  provided  palatable  food  materials  with  as 
much  variety  as  was  consistent  with  convenience  in  prepara- 
tion and  accuracy  in  sampling  and  analyzing.  For  the  sake  of 
greater  accuracy  the  number  of  different  materials  used  was 
somewhat  less  in  the  later  than  in  the  earlier  experiments. 
The  quantities  of  nutrients  in  the  diet  were  in  general  such  as 
to  maintain  the  body  nearty  in  nitrogen  and  carbon  equilibrium 
under  the  conditions  of  the  experiment.  In  a  few  cases,  how- 
ever, in  which  the  muscular  work  was  considerable  the  diet 
was  not  quite  sufficient  for  body  maintenance  and  there  was 
consequently  more  or  less  draft  upon  the  store  of  bod}'  mate- 
rial. The  purpose  of  the  preliminary  digestion  period  was  to 
accustom  the  subject  to  the  diet  and  to  determine  whether 
under  the  conditions  of  the  experiment  nitrogen  equilibrium 
could  be  maintained  on  the  diet  provided.  Any  change  in  diet 
found  necessary  or  desirable  was  made  during  this  period;  this 
will  explain  the  slight  discrepancies  seen  in  some  of  the  tables 
between  the  quantities  of  food  in  the  preliminary  period  and  in 
the  calorimeter  period. 

Method. — The  general  plan  of  the  experiments  was  the  same 
as  has  been  previousl}^  described.  Much  care  was  taken  in  pre- 
paring the  food  materials  selected  for  the  diet,  and  in  taking 
samples  for  analysis.  The  separation  of  the  feces  was  made 
b}^  means  of  lampblack  administered  in  gelatin  capsules  with 
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the  last  meal  immediately  preceding  each  experiment  and  with 
the  last  meal  of  each  experiment.  The  total  amount  of  feces 
for  each  experiment  was  collected  and  prepared  for  anal3'sis. 
The  food  materials  and  feces  were  analyzed  according  to  the 
methods  ordinarily  followed  in  this  laboratory.  The  urine 
was  collected  for  the  preliminary  period  as  well  as  for  the 
metabolism  period.  The  bladder  was  emptied  just  before  the 
first  meal  was  taken  and  all  urine  was  collected  thereafter  dur- 
ing the  experimental  periods  and  the  da)^  following  the  last 
period.  The  nitrogen  and  energy  of  the  urine  were  deter- 
mined, so  that  each  digestion  experiment  includes  also  a  ni- 
trogen metabolism  experiment. 

As  explained  above,  the  differences  between  the  nutrients 
in  the  food  and  the  corresponding  ingredients  in  the  feces  are 
taken  as  representing  the  amounts  of  the  nutrients  digested 
and  made  available  to  the  body  for  the  purposes  of  nutrition. 
The  amount  of  each  nutrient  thus  made  available  divided  by 
the  amount  in  the  food  gives  the  percentage  or  coefficient  of 
availability. 

Not  all  the  energy  of  the  available  food  is  utilized  by  the 
body.  A  portion  of  the  protein  of  the  food  is  excreted  by 
the  kidneys  not  completely  oxidized.  The  available  energy 
is  therefore  the  energy  of  the  available  nutrients  less  the  en- 
ergy of  the  materials  excreted  in  the  urine.  For  nearly  all  of 
these  experiments  the  quantity  of  energy  in  the  urine  has  been 
directly  determined.  This  determination  was  interfered  with 
in  some  of  the  preliminary  experiments  and  in  them  the  energy 
of  urine  has  been  calculated  by  multiplying  the  quantity  of 
available  protein  by  the  factor  1.25,  it  having  been  found  in  a 
number  of  experiments  with  healthy  men  with  normal  excre- 
tion by  the  kidneys  that  for  every  gram  of  protein  absorbed 
there  was  on  the  average  1.25  calories  of  energy  in  the  unoxi- 
dized  materials  of  the  urine. 

The  tables  and  descriptions  which  follow  give  the  details  of 
fifty  digestion  experiments  which  form  part  of  the  met- 
abolism experiments.  The  first  six  of  these  were  published  in 
a  former  report  of  the  station,*  but  are  repeated  here  because 
the  results  as  calculated  according  to  revised  data  differ  slightly 
from  those  already  recorded.  The  remaining  experiments  in- 
clude all  those  not  hitherto  published.    Besides  those  here  given, 

*  Report  for  1897,  pp.  159-166. 
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the  results  of  fourteen  other  experiments  made  in  connection 
with  metaboHsm  experiments  for  another  purpose,  but  also  giv- 
ing valuable  information  regarding  the  availability  of  food  in 
mixed  diet,  have  been  published  elsewhere.* 


DETAILS  OF  DIGESTION  EXPERIMENT  NO.   37. 

This  experiment,  which  represents  the  preliminary  period  of 
metabolism  experiment  No.  5,  began  with  breakfast  April  26,. 
1897,  and  continued  eight  days,  with  24  meals.  The  subject, 
E.  O.,  weighed  with  clothes,  69.3  kilos  at  the  beginning  and  at 
the  end  of  the  experiment.  During  the  experimental  period 
he  was  engaged  in  his  usual  duties  as  laboratory  assistant,  which 
were  not  arduous. 

Table  84. 

Digestion  experiment  No.  jy. 
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Kind  of  Food. 
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0 
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cd 

V 
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^ 

W 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

2782 

Beef,  fried, 

965 

330 

44.3 

277 

53 

— 

17 

2034 

2783 

Beef,  dried,         ... 

200 

65 

7.8 

49 

16 

— 

15 

406 

2781 

Eggs,         -         -         -         - 

853 

201 

17. 1 

107 

94 

— 

8 

1517 

278s 

Butter,       -         -         -         - 

275 

246 

■  5 

3 

243 

— 

7 

2214 

2784 

Milk,          .         -         -         . 

6200 

861 

35-7 

223 

334 

304 

48 

5524 

2802 

Bread,  rye, 

2525 

1374 

34.4 

196 

8 

1 170 

40 

6105 

— 

Wheat  breakfast  food, 

50 

45 

.8 

5 

I 

39 

2 

204 

2786 

Sugar,         .         .         -         - 

300 

300 

— 

— 

— 

300 

— 

I188 

2780 

Beans,  baked,    -         -         . 

1000 

291 

12.6 

79 

6 

206 

22 

134I 

2779 

Pears,  canned,    -         -         - 
Total,  -         -         -         - 

1200 

243 

.6 

3 

II 
766 

228 

2 

934 

13568 

3956 

153.8 

942 

2247 

161 

21467 

2805 

Feces,         .         .         .         . 
Urine,        -         .         -         . 
Amount  available, 

778 

160 

II. 2 

70 

46 

44 

40 

1053 
1090 

— 

3796 

142.6 

S72 

720 

2203 

121 

19324 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability, 

96.0 

92.7 

92.694.0198.0 

75.2 

90.0 

During  this  experiment  the  subject  eliminated  8648.0  grams 
iirine,  containing  142.6  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:     Income  in   food, 

*  Memoirs  of  the  National  Academy  of  Sciences,  Volume  VIII.,  Sixth  Memoir,  1902. 
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19.2  grams;  outgo  in  urine,  17.9  grams;  and  in  feces,  1.4 
grams;  implying  a  loss  of  .1  gram  nitrogen,  corresponding  to 
.6  gram  protein. 

DETAILS  OF  DIGESTION  EXPERIMENT  NO.  38. 
This  experiment  represents  the  period  of  metabolism  experi- 
ment No.  5  spent  in  the  respiration  chamber.  It  began  with 
breakfast  May  4,  1897,  ^"<^  continued  four  days,  with  12  meals. 
The  subject,  E.  O.,  weighed  with  clothes  69.3  kilos  at  the  be- 
ginning, and  68.8  kilos  at  the  end  of  the  experiment.  During 
the  experiment  he  remained  as  quiet  as  practicable. 

Table  85. 
Digestion  experiment  No.  j8. 


i   i 

c 

11 

oj 

0 

A< 

s 

cd 

0) 

Kind  of  Food. 

S 

y 

a 

'C 

cS 

2 

^ 

0  a 

^ 

0 

u 
0 

■^ 

0 

< 

^ 

— . 

* 

tJ'o 

C3 

'S 

Hi 

U 

^ 

0 

W 

Grns 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

27S2 

Beef,  fried,   -         -         -         - 

480 

164 

22.1 

138 

26 

— 

8 

IOI2 

2783 

Beef,  dried,  -         -         -         - 

100 

33 

4.0 

25 

8 

— 

8 

203 

2781 

Eggs,    ----- 

381 

90 

7.7 

48 

42 

— 

4 

677 

27SS 

Butter,           -         -         -         - 

140 

125 

.1 

I 

124 

— 

4 

I127 

2784 

Milk,     ----- 

3100 

431 

17.9 

112 

167 

152 

24 

2762 

2S02 

Bread,  rye,    -         -         -         - 

1300 

707 

17.6 

100 

4 

603 

21 

3143 

2786 

Sugar,  ----- 

140 

140 

— 



— 

140 

555 

2780 

Beans,  baked, 

500 

145 

6.2 

39 

3 

103 

II 

671 

2779 

Pears,  canned,        -         .         - 
Total,       -         -         -         - 

600 

121 

•3 

2 

5 

114 

I 

467 

6741 

1956 

75-9 

465 

379 

III2 

81 

10617 

2806 

Feces,  ----- 
Urine,  ----- 
Amount  available, 

502 

90 

6.6 

41 

23 

26 

20 

573 
512 

— 

1866 

69.3 

424 

356 

1086 

61 

9532 

% 

% 

% 

% 

% 

% 

Vc 

Coefficients  of  availability,     - 

95.4 

91-3 

91.2 

93-9 

97.7 

75.3 

89.8 

During  this  experiment  the  subject  eliminated  9120.8  grams 
urine,  containing  72.3  grams  nitrogen.  The  average  nitrogen 
balance  per  daj^  was  therefore  as  follows:  Income  in  food,  19.  i 
grams;  outgo  in  urine,  18.  i  grams,  and  in  feces,  1.7  grams; 
implying  a  loss  of  .7  gram  nitrogen,  corresponding  to  4.2 
grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.   39. 

This  experiment,  representing  the  preHminary  period  of 
metabolism  experiment  No.  6,  began  with  breakfast  May  14, 
1897,  and  continued  four  days.  The  subject,  K.  O.,  weighed 
without  clothes,  68.6  kilos  at  the  beginning  and  66.2  kilos  at 
the  end  of  the  experiment.  During  the  period  he  worked  sev- 
eral hours  each  day,  at  his  usual  occupation,  and  riding  a 
bicycle  over  country  roads  or  working  a  stationary  machine 
indoors.  The  amount  of  work  performed  was  more  than  that 
to  which  he  was  accustomed.  The  quantity  of  protein  in  the 
diet  w^as  the  same  as  in  the  preceding  experiment  but  the 
energy  was  largel}^  increased  on  account  of  the  work. 

Table  86. 
Digestion  experivient  No.  jp. 


U 

a 

V 

cd 

0 

5 

Kind  of  Food. 

Is 
S 

E 

u 

a 

a 

(LI 

bo 

0 

■a 

"v 

Is 

.a 

2t3 

Is 

0  R 

o 

0 

M 

0 

g 

u 
Ph 

fe 

0 

f 

< 

i«  (LI 

.D 

be 

.— 1 

■m'^ 

n! 

<u 

0 

i-T 

■^ 

^ 

W 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

27Sq 

Beef,  fried,    -         -         -         - 

400 

154 

19.0 

119 

35 

— 

8 

968 

278S 

Ham,  deviled, 

210 

112 

5.b 

35 

77 

— 

9 

914 

2700 

Eggs, 

208 

53 

4.6 

29 

24 

— 

2 

401 

270'^ 

Butter,           .         .         -         - 

300 

265 

0.5 

3 

262 

— 

7 

23S6 

27qq 

Milk, 

3400 

476 

16.3 

102 

184 

190 

24 

3179 

2803 

Bread,  white, 

1800 

988 

23.8 

136 

29 

823 

22 

4572 

2786 

Sugar,  -         -         -         -         - 

200 

200 

— 

— 

— 

200 

— 

792 

27qi 

Beans,  baked,         .         .         - 

500 

134 

5.8 

36 

2 

96 

9 

6ri 

27q2 

Pears,  canned,        .         .         - 
Total,       .         -         -         - 

1200 

221 

o.b 

4 

2 

215 

3 

911 

8218 

2603 

76.2 

464 

615 

1524 

84 

14734 

2807 

Feces,  ----- 
Urine,  ----- 
Amount  available. 

487 

112 

7.5 

47 

29 

36 

23 

768 
386 

— 

2491 

68.7 

417 

586 

1488 

61 

13580 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,     - 

95.7 

90.1 

89.9 

95-3 

97.6 

72.6 

91.2 

During  this  experiment  the  subject  eliminated  3680.2  grams 
urine,  containing  44.6  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
19. 1  grams;  outgo  in  urine,  11.  i  grams,  and  in  feces,  1.9  grams; 
implying  a  gain  of  6.1  grams  nitrogen,  corresponding  to  38.1 
grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.   40. 

This  experiment,  the  part  of  metabohsm  experiment  No.  6 
spent  in  the  respiration  chamber,  began  with  breakfast  May 
18,  1897,  and  continued  four  da3's.  The  subject,  E.  O.,  weighed 
without  clothes,  66.2  kilos  at  the  beginning  and  66.7  kilos  at 
the  end.  During  the  experiment  he  worked  eight  hours  each 
day  on  a  stationary  bicycle  arranged  as  an  ergometer.  The 
diet  was  practically^  the  same  as  in  experiment  No.  39. 


Table  87. 
Digestion  expe^'hneiit  No.  ^o. 


„ 

v 

■c 

tn 

0 

p. 
S 

a 

_o 

0 

St) 
3-S 

Kind  of  Food. 

t4-. 

cri 

0 

a 

>. 

in 

0  a 

0 

0 
S 

0 

s 

Ph 

0 

< 

0  u 

£i 

M 

.— (' 

t!"^ 

% 

<u 

ca 

0 

^ 

0 

W 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

278q 

Beef,  fried,    -         -         -         - 

400 

154 

19.0 

119 

35 

— 

9 

968 

2788 

Ham,  deviled,        -         -         - 

200 

107 

5.3 

33 

74 

— 

8 

871 

27qo 

Eggs,    ----- 

216 

54 

4. a 

30 

24 

— 

2 

416 

2703 

Butter,            -         -         -          - 

300 

265 

•  5 

3 

262 

— 

7 

2386 

27qq 

Milk. 

3400 

476 

16.3 

102 

184 

190 

24 

3179 

2803 

Bread,  white,          -         .         - 

1800 

988 

23.8 

136 

29 

823 

22 

4572 

2786 

Sugar,  -         -         -         -         - 

200 

200 

— 

— 

— 

200 

— 

792 

27ql 

Beans,  baked,        .         .         - 

500 

134 

5-7 

36 

2 

96 

9 

611 

2792 

Pears,  canned,        -         -         . 
Total,       -         -         -         - 

[200 

221 

.5 

4 

2 

2T5 

3 

gii 

8216 

2599 

76.0 

463 

612 

1524 

84 

14706 

2808 

Feces,  ----- 
Urine,  -         -         -         -         - 
Amount  available, 

465 

B3 

6.1 

3S 

19 

26 

17 

555 
501 

— 

2516 

69.9 

425 

593 

1498 

67 

13650 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,     - 

96.8 

92.0 

91.8 

96.9 

98-3 

79.8 

92.8 

During  the  experiment  the  subject  eliminated  4797.8  grams 
urine,  containing  65.1  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
19. 1  grams;  outgo  in  urine  and  perspiration,  16.5  grams,  and 
in  feces',  1.5  grams;  implying  a  gain  of  i.i  grams  nitrogen, 
corresponding  to  6.9  grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.   43. 

This  experiment,  the  preHminary  period  of  metaboHsm  ex- 
periment No.  8,  began  with  breakfast  November  8,  1897,  and 
continued  four  days.  The  subject,  E.  O. ,  weighed  with  clothes, 
72.1  kilos  at  the  beginning  and  71.6  kilos  at  the  end.  During 
the  period  he  took  but  little  active  exercise  aside  from  his 
regular  work,  which  was  light. 


Table  88. 
Digestion  experiment  N^o.  ^j. 


S 

a 

OJ 

ca 

.2 

p. 

a 

B 
0 

11 

■a 

.c 

Is 

Kind  of  Food. 

t4_4 

S 

0 

aJ 

0  s 

o 

0 

0 

Z 

Ph 

0 

< 

0  u 

0-S 

.Q 

.—1 

tJ'O 

(3i 

1-r 

V 

0 

Gms 

Gms 

GtnsI  G:ns 

Gms 

Gms 

Gms 

Cal. 

2820 

Beef,  fried,    -         -         -         - 

600 

227 

26.4 

165 

62 

— 

13 

1487 

2818 

Eggs, 

413 

96 

8.2 

SI 

45 

— 

4 

747 

2827 

Butter,           -         .         -         - 

140 

121 

0..3 

2 

liq 

— 

.S 

1089 

2826 

Milk, 

3400 

486 

18.6 

116 

173 

197 

21 

3067 

2814 

Bread,  rye,    -          -         -         - 

I310 

806 

21.0 

120 

s 

b8i 

22 

3627 

— 

Sugar, 

160     160 

— 



160 

— 

634 

2816 

Beans,  baked,        .         .         . 

500     133 

.S.4 

34 

I 

98 

II 

621 

2S22 

Apples,          .         -         -         - 
Total,      .         -         -         - 

800     114 

0.3 

2 

4 

108 

2 

468 

732812143 

80.2 

490 

409 

1244 

78 

1 1 740 

2824 

Feces,  ----- 

442|     99 

7.0 

44 

23 

32 

21 

632 

Urine,  -         -         -         -         - 
Amount  available. 

— 

— 

73.2 

— 

386 

— 

— 

55« 

— 

2044 

446 

1212 

57 

10550 

% 

% 

7c 

% 

% 

% 

% 

Coefficients  of  availability.     - 

95-4 

91-3 

91.0 

94-4 

97-4 

73-1 

89. 9 

During  this  experiment  the  subject  eliminated  5642.7  grams 
urine,  containing  56.6  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
20.1  grams;  outgo  in  urine,  14.2  grams,  and  in  feces,  i.S 
grams;  implying  a  gain  of  4.2  grams  nitrogen,  corresponding 
to  25.6  grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.  44. 
This  experiment,  the  period  of  metaboHsm  experiment  No.  8 
passed  in  the  respiration  calorimeter,  began  with  breakfast 
November  12,  1897,  and  continued  four  days.  The  subject, 
E.  O.,  weighed  without  clothes,  67.6  kilos  at  the  beginning 
and  66.5  kilos  at  the  end.  During  the  experiment  the  subject 
remained  as  quiet  as  practicable. 


Table  89. 
Digestioji  experiment  No.  4.4.. 


p. 

a 

cd 

Kind  of  Food. 

ii 

'S 

ra 

to 

.c 

a 

■2 
■*-"  .-^ 

II. 

o'a 

^ 

0 

bo 
u 
0 

■g 

fc 

0 

< 

.Q 

._, 

^Jl^ 

0 

U 

Cms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

2821 

Beef,  fried,    -         -         .         - 

600 

232 

30.2 

l8q 

43 

— 

10 

1446 

28iq 

Eggs,    ----- 

380 

88 

7-5 

47 

41 

— 

4 

682 

2827 

Butter,           -         .         -         - 

140 

121 

0.3 

2 

Iiq 

— 

5 

1089 

2826 

Milk,     ----- 

3400 

486 

18.6 

116 

173 

197 

21 

3067 

2815 

Bread,  rye,    -         -         -         - 

1300 

7q6 

20.6 

117 

1 

678 

22 

3572 

— 

Sugar,   ----- 

160 

160 

— 

— 

— 

160 

— 

634 

2817 

Beans,  baked,        -         -         - 

500 

130 

5.3 

33 

2 

95 

II 

604 

2823 

Apples,          -         .         -         - 
Total,       -         -         -         - 

800 
7280 

120 
2133 

0.3 

82.8 

2 

4 

114 

2 

494 

506 

383 

1244 

75 

11588 

2825 

Feces,  ----- 

284 

70 

5.0 

31 

17 

22 

16 

467 

Urine,  ----- 
Amount  available. 

^ 

2063 

77. s 

475 

— 

— 

610 

366 

1222 

59 

105 1 1 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,     - 

96.7 

94.0 

93.9 

95.698.2 

78.7 

90.7 

During  this  experiment  the  subject  eliminated  9272.5  grams 
urine,  containing  78.0  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
20.8  grams;  outgo  in  urine,  19.5  grams,  and  in  feces,  1.3 
grams;  implying  that  there  was  neither  a  gain  nor  a  loss  of 
nitrogen. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.   45. 

This  experiment,  preliminary  to  metabolism  experiment  No. 
9,  began  with  breakfast  January  6,  1898,  and  continued  four 
da37S.  The  subject,  E.  O.,  weighed  without  clothing,  67.9 
kilos  at  the  beginning  and  68.4  kilos  at  the  end.  He  was  occu- 
pied in  his  usual  duties  about  the  laboratory,  but  did  as  little 
muscular  work  as  practicable. 


Table  90. 
Digestion  experimeyit  No.  ^5. 


a 

p. 

-  s 

Kind  of  Food. 

s 

ca 
y 

'3 

a 
u 
ho 
0 

rt 

<LI 

2 

■a 

A 

II 

^ 

0 

■R 

M 

0 

S 

(i; 

^ 

0 
J2 

< 

0  u 

^ 

r-l 

■yo 

CI! 

CI 

0 

0 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

2835 

Beef,     ----- 

1000 

310 

41.0 

256 

54 

— 

16 

1928 

2836 

Milk,  skimmed,     -         -         - 

2920 

248 

15.4 

96 

3 

149 

23 

1 148 

2833 

Butter,           -         .         -         - 

200 

172 

•3 

2 

170 

— 

8 

1552 

2834 

Bread,  ----- 

400 

212 

5-4 

31 

I 

180 

10 

960 

2830 

Wheat  breakfast  food,   -    , 

500 

446 

8.0 

46 

8 

3Q2 

16 

2036 

2829 

Ginger  snaps,         .         -         - 

240 

219 

2.2 

13 

23 

183 

9 

1046 

2832 

Sugar,  -         -         -         -         - 

320 

320 

— 



— 

320 

— 

1266 

2831 

Maize  breakfast  food,    - 

Total,       -         -         -         - 

200 

182 
2109 

3-4 

75.7 

20 

18 
277 

144 
1368 

7 
89 

889 

S780 

464 

10825 

2837 

Feces,   ----- 
Urine,  ----- 
Amount  available. 

.648 

122 

6.9 

43 

22 

57 

24 

722 
526 

— 

1987 

68.8 

421 

255 

1311 

65 

9577 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,     - 

94.2 

90.9 

90.8 

92.1 

95.8 

93-0 

88.5 

During  this  experiment  the  subject  eliminated  5104.2  grams 
urine,  containing  77.6  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
18.9  grams;  outgo  in  urine,  19.4  grams,  and  in  feces,  1.7 
grams;  implying  a  loss  of  2.2  grams  nitrogen,  corresponding  to 
13.8  grams  protein. 
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DETAILS  OF  METABOLISM  EXPERIMENT  NO.   46. 

This  experiment,  representing  the  period  of  metaboHsm  ex- 
periment No.  9  passed  within  the  respiration  calorimeter, 
began  with  breakfast  January  10,  1S98,  and  continued  four 
days.  The  subject,  E.  O.,  weighed  without  clothes,  68.4  kilos 
at  the  beginning  and  67.2  kilos  at  the  end.  As  this  was  a 
rest  experiment  the  subject  had  as  little  muscular  activity  as 
practicable. 


Table  91. 
Digestion  experiment  No.  ^6. 


„. 

W 

a 

V 

.2 

oj 

.2 

a 

OJ 

2-0 

S 

3 

a 

03 
u 

Kind  of  Food. 

t4-< 

^ 

0 

ol 

>. 

0  s 

2 

0 

0 

2 

fe 

0 

< 

0  u 

XJ 

bo 

-^ 

-W13 

i-r 

p 
Gms 

0 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

2S35 

Beef, 

1000 

310 

41.0 

256 

54 

— 

16 

1928 

2836 

Milk,  skimmed,     -         .         . 

3032 

258 

16.0 

100 

3 

155 

24 

1 1 92 

2833 

Butter,           -         .         .         . 

200 

172 

0.3 

2 

170 

— 

8 

1552 

2834 

Bread,  ----- 

400 

212 

.5-4 

31 

I 

180 

10 

960 

2S30 

Wheat  breakfast  food,  - 

500 

446 

8.0 

46 

8 

392 

16 

2036 

2829 

Ginger  snaps,         -         .         . 

240 

2ig 

2.2 

13 

23 

183 

9 

1046 

2832 

Sugar,  ----- 

320 

320 

— 

— 

— 

320 

— 

1266 

2831 

Maize  breakfast  food,    - 

Total,       -         -         -         - 

200 

5892 

182 
2119 

3-5 
76.4 

21 
469 

18 
277 

143 

1373 

7 
90 

889 

10869 

2838 

Feces,   ----- 
Urine,  -         -         -         -         - 
Amount  available. 

424 

96 

5.0 

i' 

17 

48 

19 

594 

548 

— 

2023 

71-4 

438 

260 

X325 

71 

9706 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,     - 

95.5 

93-5 

83.4 

93-9 

96.5 

78.9 

89-3 

During  this  experiment  the  subject  eliminated  6702.4  grams 
urine,  containing  73.7  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
19. 1  grams;  outgo  in  urine,  18.4  grams,  and  in  feces,  1.3 
grams;  implying  a  loss  of  .6  gram  nitrogen,  corresponding  to 
3.6  grams  protein. 
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STORRS  AGRICULTURAL  EXPERIMENT  STATION. 


DETAILS  OF  METABOLISM  EXPERIMENT  NO.   49. 

This  experiment,  which  was  prehmiuar^^  to  metabohsm  ex- 
periment No.  II,  began  with  breakfast  March  18,  1898,  and 
continued  four  days.  The  subject,  E.  O.,  was  not  weighed  at 
the  beginning  of  the  experiment,  but  at  the  end  weighed  with- 
out clothes  70  kilos.  As  the  subject  was  to  work  during  the 
metabolism  experiment  he  took  a  considerable  amount  of  ex- 
ercise on  a  bic5^cle  and  otherwise  in  addition  to  his  regular 
duties. 

Table  92. 
Digestion  expe7'iment  No.  ,/p. 


c 

^ 

ai 

oj 

0 

P. 

a 

ai 

2 

6 

0 

n 

_d 

13 

2-0 

Kind  of  Food. 

t.-. 

c3 

0 

j^ 

>i 

m 

0  2 

I 

0 

0 

g 

to 

0 

<! 

0  u 

.n 

,—1 

-w-B 

(3 

i-r 

I 

0 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

2851 

Beef, 

680 

216 

29. 9 

187 

29 

— 

12 

1306 

2853 

Butter,            .... 

480 

4oq 

.6 

4 

405 

— 

12 

3719 

2854 

Milk,  skimmed,     -         -         - 

3000 

252 

15.8 

99 

3 

150 

21 

1 143 

2852 

Bread,  ----- 

1200 

673 

17. 1 

98 

18 

557 

14 

3090 

2842 

Maize  breakfast  food,    - 

440 

411 

8.3 

50 

36 

325 

8 

1952 

2840 

Wheat  breakfast  food,   - 

300 

272 

5-3 

30 

4 

238 

6 

1216 

2841 

Ginger  snaps. 

300 

278 

2.7 

lb 

19 

243 

9 

1274 

— 

Sugar,  ----- 
Total,       -         -         -         - 

440 
6840 

440 
2Q51 

— 

— 

— 

440 

— 

1742 

79-7 

484 

514 

1953 

82 

15442 

2840 

Feces,  ----- 

524 

I2S 

7-5 

47 

35 

43 

21 

790 

Urine, 

Amount  available, 

2826 

— 

— 

479 

— 

— 

546 

72.2 

437 

1910 

61 

14106 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,     - 

95.8 

90.6 

90-3 

93-2 

97.8 

74-4 

91.4 

During  this  experiment  the  subject  eliminated  3404.3  grams 
urine,  containing  51.4  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
19.9  grams;  outgo  in  urine,  12.9  grams,  and  in  feces,  1.9 
grams;  implying  a  gain  of  5.1  grams  nitrogen,  corresponding 
to  31.9  grams  protein. 
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DETAILS  OF  METABOLISM  EXPERIMENT  NO.   50. 

This  experiment,  representing  the  part  of  metaboHsni  experi- 
ment No.  1 1  passed  in  the  chamber  of  the  calorimeter,  began 
with  breakfast  Ma}^  22,  1898,  and  continued  four  days.  The 
subject,  K.  O.,  weighed  without  clothes,  70  kilos  at  the  begin- 
ning and  68  kilos  at  the  end.  He  worked  eight  hours  each  day 
upon  the  stationary  bicycle. 

Table  93. 
Digestion  experiment  No.  50. 


n 

jl; 

.2 

"cd 

m 

0 

ft 

(U 

St3 

3 

S 

0 

.S 

2 

&l 

Kind  of  Food. 

M 

0 

-i-i 

tS 

P-. 

m 

0  s 

2; 

0 

M 
0 

■g 

PM 

t^ 

0 

.a 

< 

.c 

.—1 

-i-"d 

G3 

0 

Gms 

(33  w- 

Cms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

2SS1 

Beef, 

680 

216 

29.9 

187 

29 

— 

12 

1306 

2853 

Butter,           -         - 

480 

409 

0.6 

4 

405 

— 

12 

3719 

28  s  5 

Milk,  skimmed,     -         -         - 

3000 

252 

15.8 

•99 

3 

150 

24 

1 143 

2852 

Bread,  -         -         -         -         , 

1200 

b73 

17. 1 

98 

18 

557 

14 

3090 

2842 

,  Maize  breakfast  food,    - 

440 

411 

8.3 

50 

36 

325 

8 

1952 

2840 

Wheat  breakfast  food,   - 

300 

272 

5-3 

30 

4 

238 

6 

1216 

2841 

Ginger  snaps. 

300 

278 

2.7 

i5 

19 

243 

9 

1274 

— 

Sugar,  -         -         -         -         - 
Total,      -         -         -         - 

440 
6840 

440 

79-7 

— 

514 

440 
1953 

— 

1742 

2951 

484 

85 

15442 

2850 

Feces,  ----- 

Urine,  ----- 
Amount  available. 

563 

141 

9.0 

56 
428 

36 

478 

49 

24 

875 
535 

— 

2810 

70.7 

1904 

61 

14032 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,     - 

95.2 

88.7 

88.4 

93-0 

97.5 

71.8 

90.9 

During  this  experiment  the  subject  eliminated  3847.1  grams 
urine,  containing  71.5  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
19.8  grams;  outgo  in  urine  and  perspiration,  18.  i  grams,  and 
in  feces,  2.2  grams;  implying  a  loss  of  .5  gram  nitrogen,  cor- 
responding to  3.0  grams  protein. 
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STORRS  AGRICULTURAL  EXPERIMENT  STATION. 


DETAILS  OF  METABOLISM  EXPERIMENT  NO.   76. 

This  experiment,  preliminary  to  metabolism  experiment  No. 
13,  began  with  breakfast  November  4,  1898,  and  continued 
four,  days.  The  subject,  E.  O.,  performed  his  usual  duties 
about  the  laboratory  but  avoided  muscular  activity  as  much  as 
practicable.  His  weight  at  the  beginning  of  the  experiment 
was  not  taken,  but  at  the  end  just  before  entering  the  calorim- 
eter it  was  without  clothes  69.4  kilos. 


Table  94. 
Digestion  experimerit  No.  yd. 


^ 

<u 

oi 

0 

p. 
g 

CD 
01 

Kind  of  Food. 

E 

'3 

.5 
'S 

cS 

2 
-a 

A 

oE 

0 

iS 

0 

% 

^ 
^ 

II. 

0 

< 

0  1-, 

fi 

U) 

r-t 

^j-o 

-2 
0 

u 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

2962 

Beef,     --,--- 

940 

■254 

37.6 

235 

19 

— 

23 

1482 

2q,s6 

Butter,           ...         - 

190 

164 

•3 

2 

162 

— 

7 

1483 

20^1 

Milk,  whole, 

z.'i.SO 

325 

14-3 

89 

11.5 

122 

20 

.  2037 

2q^8 

Milk,  skimmed,     -         -         - 

600 

56 

3.8 

24 

I 

31 

5 

271 

2960 

Maize  breakfast  food,    - 

200 

185 

3.5 

20 

17 

148 

4 

893 

2963 

Bread,  ----- 

HOC 

67B 

15-2 

87 

56 

535 

13 

3263 

2961 

Cookies,         -         -         -         - 

100 

93 

•9 

5 

II 

77 

2 

446 

— 

Sugar,  -         -         -         -         - 
Total,       -         -         -         - 

150 

155 

— 

— 

— 

155 

— 

614 

5835 

1911 

75.6 

462 

381 

1068 

74 

10489 

2964 

Feces, 

151 

41 

2.4 

15 

14 

12 

10 

283 

Urine,  ----- 
Amount  available, 

5684 

1870 

73-2 

447 

367 

— 

— 

445 

1056 

64 

9761 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,     - 

97-9 

96.7 

96.8 

96.3 

98.9 

86.5 

93-1 

During  this  experiment  the  subject  eliminated  5044.0  grams 
urine,  containing  72.1  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
18.9  grams;  outgo  in  urine,  18.0  grams,  and  in  feces,  .6  gram; 
implying  a  gain  of  .3  gram  nitrogen,  corresponding  to  1.9 
grams  protein. 
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DETAILS  OF  METABOLISM  EXPERIMENT  NO.   77. 

This  experiment,  forming  the  part  of  metaboHsm  experiment 
No.  13  spent  in  the  respiration  chamber,  began  with  breakfast 
November  S,  1S98,  and  continued  three  da3?s.  As  this  was  a 
rest  experiment  the  subject,  E.  O.,  was  to  remain  as  quiet  as 
practicable  while  within  the  respiration  chamber,  but  he  moved 
about  rather  more  than  in  earlier  and  later  experiments  of  a 
similar  kind.  His  weight  without  clothing  at  the  beginning 
of  the  experiment  was  69.4  kilos  and  at  the  end  69.6  kilos. 


Table  95. 
Digestion  experiment  No.  77. 


\^ 

„ 

u 

.5       S 

0 

s 

Kind  of  Food. 

1    i    % 

M 

0 

'S 

rt 

•S 
>> 

X. 

0  s 

0 

0 

;- 
0 

■g 

fc 

0 

< 

0  ;- 
«-(  "J 
0  Xi 

.Q 

4;;t3 

n! 

■J! 

0 

0 

Gms 

Gms  Gms  Gms 

Gms 

Gms 

Gms 

Cal. 

2962 

Beef, 

940'   255:37.8 

236 

19 

— 

23 

1482 

2qs6 

Butter,           .         -         -         - 

180,    155I   0.3 

2 

153 

— 

b 

1405 

2qS9 

Milk,  whole  and  skim,  - 

3000!   375  17-3 

108 

9b 

171 

24 

2259 

2960 

Maize  breakfast  food,    - 

200    185    3.5 

21 

17 

147 

4 

»93 

2963 

Bread,  

hoc:  678  15.2 

S7 

56 

535 

13 

3263 

2961 

Cookies,         .         .         -         . 

JOG      93       .8 

5 

II 

77 

2 

446 

— 

Sugar,  ----- 
Total,       -          -         -         - 

160    160   — 

— 

— 

160 

— 

634 

5680  I90I 

74.9 

459 

352 

logo 

72 

10382 

2965 

Feces,  ----- 
Urine,  -         -         -         -         - 
Amount  available, 

296,     73 
—  jiSaS 

4-5 

28 

24 

21 

17 

500 
518 

70.4 

431 

328 

1069 

55 

9364 

%       % 

% 

% 

% 

% 

% 

Coefficients  of  availability, 

96.2  94.0' 93. 9 

93.298.1 

76.4 

90.2 

During  this  experiment  the  subject  eliminated  8361.7  grams 
urine,  containing  76.5  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
18.7  grams;  outgo  in  urine,  19.5  grams,  and  in  feces,  i.i 
grams;  implying  a  loss  of  1.9  grams  nitrogen,  corresponding 
to  II. 7  grams  protein. 
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STORKS  AGRICULTURAL  EXPERIMENT  STATION'. 


DETAILS  OF  METABOLISM  EXPERIMENT  NO.    7S. 

This  experiment,  preliminary  to  metabolism  experiment  Xo. 
14.  began  with  breakfast  December  17,  1S9S.  and  continued 
three  days.  The  subject.  E.  O..  was  not  weighed  at  the  be- 
ginning of  the  experiment  but  at  the  end  he  weighed  63.6 
kilos.  As  metabolism  experiment  Xo.  14  was  a  rest  experi- 
ment the  subject  during  the  preliminary  period  took  as  little 
muscular  exercise  as  possible  outside  of  his  regular  duties. 

Table  96. 
Di^esfion  experiment  Xo.  ~S. 


KixD  OF  Food. 


Gms 

2967    Beef,       -----  4S0 

2070    Butter,    -        -        -        -        -  210 

2971    Milk,  skimmevi,       -         -         -  1525 

2960    Maize  breakfast  food,      -         -  150 

2g6S    Bread,    -----  S25 

2969    Ginger  snaps,           -        -        -  90 

Sugar,     -----  192 

Total,        -        -        -        -  3472 

2973    Feces,     -         -         -         -         -  247 

Urine,     -         -         -         -         -  t  — 

j  Amount  available,  -         -         -  — 
i 
Coefficients  of  availabilitv 


Gms  Gms'  Gmsi  Gms  Gms  Gms  Cal, 


153  21.3 

133 

20 

— 

s  943 

IS2   ,5 

3 

179 

— 

0  1059 

140  9-3 

5« 

I 

51 

12  6S2 

13S  2.7 

16 

12 

no 

3  670 

470  10.4 

59 

23: 

3SS 

II  2230 

S3  -i.o 

6 

7[ 

70 

3  397 

192  — 

— 

192 

—   760 

45.2 

3-5 


275  242  841  43 
22;   16   l^    q 


141. 7|  253 


1307 
96.3192.392.0 


316 


226 


S2S   34  6696 


% 
93-4  93.5:79- 1 


During  this  experiment  the  subject  eliminated  2629.7  grams 
urine,  containing  50.2  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
II. 3  grams:  outgo  in  urine,  13.4  grams,  and  in  feces.  .9  gram; 
implying  a  loss  of  3,0  grams  nitrogen,  corresponding  to  iS,S 
grams  protein. 


DIGESTIBILITY  AND  AVAILABILITY  OF  FOOD. 


197 


DETAILS  OF  DIGESTION  EXPERIMENT  NO.  79. 
This  experiment,  representing  the  part  of  metabohsm  experi- 
ment No.  14  within  the  respiration  calorimeter,  began  with 
breakfast  December  20,  1898,  and  continued  four  days.  The 
weight  of  the  subject  in  his  underclothing  at  the  beginning 
was  63.6  kilos  and  at  the  end  62.6  kilos.  The  subject  was  as 
quiet  as  practicable  while  in  the  calorimeter. 


Table  97. 
Digestion  experiment  No.  /p. 


0. 

3 

tn 

d 

Kind  of  Food. 

u 

V 

5 

Nitrogen. 
Protein. 

« 

V 

U 

0 

< 

0% 

a 

'E        B 

c 

" 

Gms 

1-M 

Gms  Gras 

Gms  Gm.s 

Gms  Gms 

Cal. 

2967 

Beef,     ----- 

64OJ   205 

28.5     178 

27|    — 

II 

1257 

2970 

Butter,           -         -         -         - 

280    242 

•5'       3 

239  — 

8 

2212 

2972 

Milk,  skimmed,     -         -         . 

1800    160 

10.9      68 

2       90 

16 

790 

2960 

Maize  breakfast  food,    - 

200    185 

3-5      21 

171    147 

4 

893 

2968 

Bread,  ----- 

1240    707 

15.7      98 

35;   574 

16 

3360 

2969 

Ginger  snaps,         -         -         - 

1201    III     1.3         7 

lO:     94 

3 

529 

Sugar,  -         -         -         -         - 
Total,       -         -         -         - 

256'    256    —      — 

—     256 

— 

1014 

4536186660.4    375 

330  II6I 

58 

10055 

2974 

Feces,  ----- 

219 

49 

3.4      21 

15    13 

8 

329 

Urine,  ----- 
Amount  available. 

— 

— 

568 

— 

1817 

57.0    354 

315 

1 148 

50 

9158 

% 

%    1   % 

% 

% 

% 

% 

Coefficients  of  availability,     - 

97-4 

94.494-4 

95.5 

98.9 

86.2 

91. 1 

During  this  experiment  the  subject  eliminated  5798.0  grams 
urine,  containing  64.9  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
15. 1  grams;  outgo  in  urine,  16.2  grams,  and  in  feces,  .9  gram; 
implying  a  loss  of  2.0  grams  nitrogen,  corresponding  to  12.5 
grams  protein. 
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STORRS  AGRICULTURAL  EXPERIMENT  STATION. 


DETAILS  OF  DIGESTION  EXPERIMENT  NO.   84. 

This  experiment,  a  part  of  metabolism  experiment  No.  23, 
began  with  breakfast  March  16,  1899,  and  continued  three 
days.  The  subject,  K.  O.,  weighed  without  clothes  72.9  kilos 
at  the  beginning  and  72.7  kilos  at  the  end.  During  the  ex- 
periment he  had  as  little  muscular  activity  as  possible. 


Table  98. 
Digestion  experiment  No.  84. 


„. 

CI 

a 

ft 

'u 

rt 

0 

a 

<S 

0 

n 

a 

u 

U) 

Kind  of  Food. 

u^ 

M 
0 

11 

.15 

^■^ 

^ 

0 

u 
0 

'g 

CM 

ll. 

0 

< 

0  u 
0  oJ 

,0 

bfi 

^M 

-una 

CO 

0 

U 

0 

Gms 

Gms 

Gms 

Gijis 

Gms 

Gms 

Gms 

Cal. 

3027 

Beef,     ----- 

450 

185 

25.1 

157 

28 

— 

5 

1185 

3029 

Butter,            ...         - 

lbs 

145 

•  3 

2 

143 

— 

4 

1324 

.3031 

Skimmed  milk,       -         -         - 

33qQ 

288 

iq.7 

122 

3 

163 

27 

1386 

3032 

Bread,  -         -         -         -         - 

930 

542 

II. 8 

74 

31 

437 

12 

2687 

3004 

Parched  cereal,      -         -         . 

135 

125 

2.5 

15 

I 

109 

2 

548 

— 

Sugar,  ----- 

120    120 

—  - 

— 

— 

120 

— 

475 

3069 

Horseradish,          -         .         - 
Total,       -         -         -         - 

90;       8 

.2 

I 

— 

7 



33 

5280 

1413 

59-6 

371 

206 

836 

50 

7638 

3035 

Feces,  ----- 
Urine,  ----- 
Amount  available, 

213 

50 

3.4 

21 

II 

18 

15 

343 
423 

— 

1363 

56.2 

350 

195 

818 

35 

6872 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability. 

96-5 

94.3 

94-3 

94-7 

97.8 

70.0 

90.0 

During  this  experiment  the  subject  eliminated  6575.3  grams 
urine,  containing  56.9  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food,. 
19.8  grams;  outgo  in  urine,  19.0  grams,  and  in  feces,  i.i 
grams;  implying  a  loss  of  .3  gram  nitrogen,  corresponding  to 
1.6  grams  protein. 
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DETAILS  OF  DICxESTlON  EXPERIMENT  NO.  85. 
This  experiment,  forming  part  of  metabolism  experiment 
No.  24,  began  with  breakfast  March  19,  1899,  and  continued 
three  daj^s.  The  subject,  E.  O.,  weighed  without  clothing, 
72.7  kilos  at  the  beginning  and  72.9  kilos  at  the  end.  He 
remained  as  quiet  as  possible  during  the  period.  The  diet 
contained  an  excess  of  carbohydrates  in  the  form  of  sugar. 


Table  99. 
Digestion  experiment  No.  8^. 


u 

a] 

0 

<U 

S-a 

g 

cfl 

CJ 

n 

a 

^^^ 

tn 

^ 

'S      1      bo 

^ 

-a 

H-;: 

Kind  of  Food. 

u- 

0 

,"> 

0  S 

0 

12; 

0 

5 

% 

li. 

,1: 
0 

< 

0  u 

^ 

.—1 

+j'0 

0 

11 

0 

u 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

3027 

Beef,     -         -    .     - 

450 

185 

25.1 

157 

28 

— 

5 

1185 

3029 

Butter,           .... 

165 

1451       .3 

2 

143 

— 

4 

1324 

3031 

Skimmed  milk,       .         .         - 

33qo 

28S 

19.6 

122 

3 

163 

27 

1386 

3032 

Bread,  ----- 

q3o 

542 

ir.S 

74 

31 

437 

12 

2687 

3004 

Parched  cereal,      -         -         . 

135 

125 

2.5 

^5 

I 

109 

2 

548 

— 

Sugar,  ----- 

120 

120 

— 

— 

— 

120 

— 

475 

— 

Rock  candy,           -         -         . 

3qo 

164 

— 

— 

— 

164 

— 

1545 

3069 

Horseradish,          -         -         - 
Total,       .         -         -         - 

90 

8 

.2 

I 

— 

7 

— 

33 

.S670 

1577 

50. S 

371 

206 

1000 

50 

9183 

3036 

Feces,  ----- 

Urine, 

Amount  available. 

270 

53 

3-9 

25 

13 
193 

15 

13 

347 
407 

1524 

55.6 

346 

985 

37 

8429 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,     - 

96.6 

93-4 

93-3 

93-7 

98.5 

74.0 

91.8 

During  this  experiment  the  subject  eliminated  5957.9  grams 
urine,  containing  54.8  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
19.8  grams;  outgo  in  urine,  18.2  grams,  and  in  feces,  1.3 
grams;  implying  a  gain  of  .3  gram  nitrogen,  corresponding  to 
1.7  grams  protein. 
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STORRS  AGRICUI.TURAL  EXPERIMENT  STATION. 


DETAILS  OF  DIGESTION  EXPERIMENT  NO.    I47. 

This  experiment,  which  was  prehminary  to  metaboHsm  ex- 
periment No.  25,  began  with  breakfast  January  19,  1900,  and 
continued  four  days.  The  subject,  J.  F.  S.,  was  a  chemist, 
employed  in  connection  with  the  investigations.  His  duties 
were  not  arduous.  His  weight  in  underclothing  at  the  end  of 
the  period  was  63.8  kilos.  This  was  the  first  experiment  with 
this  subject.  According  to  the  purpose  of  the  metabolism  ex- 
periment the  diet  contained  an  excess  of  fat. 


Table  100. 
Digestion  experiment  No.  i^y. 


U 

a 

v 

U5 

0 

g 

Kind  of  Food. 

(LI 

g 

a 

u 

'a 

a 

V 

0 

a' 

'5j 

1-1 

^ 

11 

0  s 

y, 

0 

S) 

111 

(I< 

0 

< 

0  g 

fi 

0 

iz; 

°ti 

.0 

M 

-wti 

h4 

0 

0 

Gms 

Gms 

Gms 

Gms 

Gm,s 

Gms 

Gms 

Cal. 

3165 

Beef, 

340 

125 

18.2 

114 

II 

— 

4 

738 

3166 

Butter,           -         -         -         . 

392 

344 

I.O 

6 

338 

— 

14 

3144 

3172 

Milk, 

4000 

420 

27.2 

168 

32 

220 

20 

1956 

3164 

Bread,  

1200 

721 

17-5 

100 

2S 

596 

16 

3366 

3168 

Parched  cereal,       -         .         - 

200 

185 

3.7 

21 

3 

161 

4 

S27 

3167 

Ginger  snaps, 

280 

262 

2.9 

16 

25 

221 

5 

1241 

— 

Sugar,  - 

Total,      -         -         .         - 

80 
6492 

80 
2137 

70.5 

— 

— 

80 

— 

317 

425 

434 

1278        63 

11589- 

3170 

Feces,  ----- 
Urine,  -         -         -         -         - 
Amount  available, 

294 

69 

4.1 

26 

14 

29        19 

452 
515 

— 

2068 

66.4 

399 

420 

I249I       44 

10622: 

% 

% 

% 

% 

%         % 

% 

Coefficients  of  availability,     - 

96.8 

94-2 

93-9 

96.8 

97.769.8 

91.7 

During  this  experiment  the  subject  eliminated  4523.5  grams 
urine,  containing  66.5  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows  :  Income  in  food,  17.6 
grams;  outgo  in  urine,  16.6  grams,  and  in  feces,  i.o  grams; 
implying  neither  gain  nor  loss  of  nitrogen. 


DIGESTIBILITY  AND  AVAILABILITY  OF  FOOD. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.    1 48. 

This  experiment,  the  second  period  of  metabolism  experi- 
ment No.  25,  began  with  breakfast  January  23,  1900,  and 
continued  three  da5's.  The  subject,  J.  F.  S.,  weighed  the 
same  at  the  end  as  at  the  beginning,  63.8  kilos.  As  this  was 
a  rest  experiment  he  remained  quiet  while  in  the  respiration 
chamber.     The  diet  contained  an  excess  of  fat. 


Table  ioi. 
Digestio7i  experiment  No.  I-/.8. 


V 

(U 

V 

5 
2^ 

a 

ct) 

^ 

^ 

« 

S-5 

0  a 

ca 

Kind  of  Food. 

E 

M 

0 

'C 

rt 

13 

.c 

^ 

0 

0 

s 

fe 

0 

< 

0  u 

r 

iJ-C 

OJ 

V 

0 

U 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

3165 

Beef,       ----- 

255 

94 

13.7 

86 

8 

— 

3 

554 

3166 

Butter,    ----- 

294 

258 

•  7 

5 

253 

— 

10 

2358 

3169 

Milk,  skimmed,        -         -         - 

3000 

294 

20.4 

129 

12 

1.53 

24 

1464 

3164 

Bread,     ----- 

900 

.541 

I3-I 

75 

iq 

447 

12 

2525 

3168 

Parched  cereal. 

150 

i3q 

2.8 

16 

3 

120 

3 

620 

3167 

Ginger  snaps,           .         .         - 

210 

196 

2.2 

12 

18 

166 

4 

931 

— 

Sugar,     -         -         -         -         - 
Total,         -         -         -         - 

60 

60 
1582 

52.9 

313 

60 
946 

238 

4869 

323 

S6 

8690 

317I 

Feces,     ----- 

121 

50 

2.9 

18 

8 

24 

16 

332 

Urine,     -         -         -         -         - 
Amount  available,  - 

— 

1532 

— 

305 

305 

922 

— 

440 

— 

50.0 

40 

7918 

% 

9c 

% 

% 

7c 

% 

% 

Coefficients  of  availability, 

96.8 

94.5 

94-4 

97-4 

97.4 

71.4 

91. 1 

During  this  experiment  the  subject  eliminated  373S.0  grams 
urine,  containing  49.2  grams  nitrogen.  The  average  nitrogen 
balance  per  da}^  was  therefore  as  follows  :  Income  in  food,  17.7 
grams;  outgo  in  urine,  16.4  grams,  and  in  feces,  i.o  grams; 
implying  a  gain  of  .3  gram  nitrogen,  corresponding  to  1.9 
grams  protein. 
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STORRS  AGRICUI.TURAI.  EXPERIMENT  STATION. 


DETAILS  OF  DIGESTION  EXPERIMENT  NO.    1 49. 

This  experiment,  preliminary  to  metabolism  experiment  No. 
26,  began  with  breakfast  February  10,  1900,  and  continued 
four  days.  The  subject,  J.  F.  S.,  weighed  in  underclothes 
64  kilos  at  the  end  of  the  period.  During  the  experiment  he 
performed-as  little  muscular  activity  as  possible  aside  from  his 
regular  duties  in  the  laboratory,  which  were  light.  The  diet 
in  the  experiment  contained  an  excess  of  fat. 


Tabee  102. 
Digestion  experiment  No.  j'/p. 


u 
u 

fl 

0 

Kind  of  Food. 

u 

g 

a 

'3 

0 

"53 

d 

11 

■a 

^ 

1^ 

0  a 

^ 

0 

0 

S 

fe 

0 

J2 

< 

0"S 

.Q 

bo 

.—1 

tJ'o 

11 

0 

0 

V 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

3176 

Beef,     ----- 

340 

123 

18.4 

113 

10 

— 

3 

747 

3177 

Butter, 

374 

327 

I.O 

6 

321 

— 

10 

2993 

.3178 

Milk,  skimmed,     -         -         - 

4000 

420 

26.8 

168 

20 

232 

32 

1896 

3180 

Bread,  

800 

475 

II. 4 

65 

13 

397 

10 

2242 

3181 

Ginger  snaps,          -         -         - 

240 

227 

2.4 

14 

20 

193 

4 

1064 

3168 

Parched  cereal,      .         -         - 

200 

184 

3-7 

21 

3 

160 

4 

827 

— 

Sugar,   ----- 
Total,       -         -         -         - 

75 

75 

— 

— 

— 

75 

— 

297 

6029 

1S31 

63.7 

387 

387 

1057 

63 

10066 

31S2 

Feces,  ----- 
Urine,  -         -         -         -         - 
Amount  available, 

411 

112 

7.0 

44 

23 

45 

35 

737 
518 

— 

1719 

56.7 

343 

364 

1012 

28 

8811 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability 

93-9 

89.0 

88.6 

94.1 

95.7 

44-4 

87.5 

During  this  experiment  the  subject  eliminated  4939.9  grams 
urine,  containing  64.3  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
15.9  grams;  outgo  in  urine,  16. i  grams,  and  in  feces,  1.8 
grams;  implying  a  loss  of  2.0  grams  nitrogen,  corresponding 
to  12.5  grams  protein. 


DIGESTIBILITY  AND  AVAILABILITY  OF  FOOD. 
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df;tails  of  digestion  experiment  no.  150. 
This  experiment  formed  part  of  metabolism  experiment  No. 
26,  which  was  a  rest  experiment  with  an  excess  of  fat  in  the 
diet.  It  began  with  breakfast  February  14,  1900,  and  con- 
tinued three  daj-s.  The  subject,  J.  F.  S.,  weighed  in  un- 
derclothing 64  kilos  at  the  beginning  and  at  the  end  of  the 
experiment. 

Table  103. 
Digestion  experi'me7it  No.  1^0. 


r. 

u 

.s 

m" 

.2 

ft 

Kind  of  Food. 

2 

s 

.0 

'S 

0 

a 

"S 

A 

0  s 

2; 

0 

E? 

0 

tlH 

< 

.Q 

._. 

■yd 

3 

I 

0 

Gms 

0 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

.3176 

Beef,           -          -         -         . 

255.0 

93 

13.8 

86 

7 

— 

2 

560 

3177 

Butter,       ...         - 

280.5 

246 

•  7 

5 

241 

— 

7 

2245 

.3179 

Milk,  skimmed, 

3000 . 0 

276 

20.1 

126 

9 

141 

24 

1386 

3180 

Bread,         .... 

600.0 

356 

8.=; 

49 

10 

297 

8 

1682 

3181 

Ginger  snaps,     - 

180.0 

170 

1.8 

10 

15 

145 

3 

798 

3ib8 

Parched  cereal,  ... 

150.0 

139 

2.8 

16 

2 

121 

3 

620 

— 

Sugar,         .... 
Total,  .... 

45.0 

45 

— 

— 

284 

45 

— 

.178 

4510.5 

1325 

47-7 

292 

749 

47 

7469 

3i«3 

Feces,         -         .         .         . 
Urine,        .... 
Amount  available. 

237.0 

49 

3-3 

21 

8 

20 

16 

317 
385 

— 

1276 

44-4 

271 

276 

729 

31 

6767 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability, 

96.3 

93-1 

92.8 

97.2 

97.3 

66.0 

90.6 

During  this  experiment  the  subject  eliminated  40S3.0  grams 
urine,  containing  46.2  grams  nitrogen.  The  average  nitrogen 
balance  per  day  w^as  therefore  as  follows:  Income  in  food, 
15.9  grams;  outgo  in  urine,  15.3  grams,  and  in  feces,  i.i 
grams;  implying  a  loss  of  .5  gram  nitrogen,  corresponding  to 
3.3  grams  protein. 
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STORRS  AGRICULTURAL  EXPERIMENT  STATION. 


DETAILS  OF  DIGESTION  EXPERIMENT  NO.  152. 

This  experiment  formed  a  part  of  metabolism  experiment 
No.  28,  which  was  a  rest  experiment  with  an  excess  of  carbo- 
hj'drates  in  the  diet.  It  began  wdth  breakfast  February  20, 
1900,  and  continued  three  days.  The  subject,  J.  F.  S.,  weighed 
in  underclothes  63.7  kilos  at  the  beginning  and  64  kilos  at  the 
end  of  the  experiment. 


Table  104. 
Digestion  experiment  No.  1^2. 


- 

u 

r^ 

11 

0, 

s 

Kind  of  Food. 

1> 
S 

a: 

bfi 

0 

'5j 

Is 

to 
% 

X. 

_0 

ll 

0  g 

15. 

0 

bo 

0 

% 

s 

fe 

1 

< 

OX, 

.Q 

biO 

tJ'O 

i-r 

Gms 

cd 
0 

0 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

3176 

Beef,       ----- 

255 

93 

13.8 

86 

7 

— 

2 

560 

3177 

Butter,    -         -         -         -         - 

qo 

78 

.2 

I 

77 

— 

2 

720 

3i7q 

Milk,  skimmed,       -         -         - 

3000 

276 

20.1 

126 

9 

141 

24 

1386 

3180 

Bread, 

600 

356 

8.5 

49 

10 

297 

8 

1682 

3181 

Ginger  snaps, 

180 

170 

1.8 

10 

15 

145 

3 

798 

3168 

Parched  cereal,        -         -         - 

ISO 

140 

2.8 

16 

3 

121 

3 

620 

Sugar, 

Total,         -         -         -         - 

429 

429 

— 

— 

429 

"33 

1699 

4704 

1542 

47.2 

288 

121 

42 

7465 

31B5 

Feces,     ----- 
Urine,     ----- 
Amount  available. 

220 

51 

3.7 
43-5 

23 

12 

16 

13 

335 
384 

1491 

265 

109 

1117 

29 

6746 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availabilit)% 

96.7 

92.2 

92.0 

90.1 

98.6 

69.0 

90.4 

During  this  experiment  the  subject  eliminated  3664.5  grams 
urine,  containing  45.8  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
15.8  grams;  outgo  in  urine,  15.3  grams,  and  in  feces,  1.2 
grams;  implying  a  loss  of  .7  gram  nitrogen,  corresponding  to 
4.5  grams  protein. 


DIGESTIBILITY  AND  AVAILABILITY  OF  FOOD. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.  1 53. 
This  experiment,  preliminary  to  metabolism  experiment  No. 
29,  began  with  breakfast  March  12,  1900,  and  continued  four 
days.  The  subject,  J.  F.  S.,  weighed  in  underclothes  at  the 
beginning  of  the  experiment  68.9  kilos  and  at  the  end  64.5 
kilos.  During  the  period  of  the  experiment  he  took  a  consid- 
erable amount  of  muscular  exercise  each  day.  The  diet  con- 
tained an  excess  of  carbohydrates. 


Table  105. 
Digestion  experiment  No.  i^j. 


6 
P. 

a 

a 
to 

d 
'A 

Kind  of  Food. 

.2 
Is 

a 

0 

X. 

a 

CJ3 
u 

0 

a 

be 

p 

0 

ffl 

03 

V 

2 

0 

<. 

S 

0 

0    . 

-MT3 

Cms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

3186 

Beef,     ----- 

232 

90 

13.3 

83 

7 

— 

2 

540 

3i«7 

Butter,  ----- 

158 

138 

•3 

2 

136 

— 

-5 

1272 

318S 

Milk,  whole. 

3600 

506 

23-4 

146 

iqS 

162 

25 

3276 

3192 

Bread, 

1200 

747 

18.0 

103 

24 

620 

16 

3516 

3181 

Ginger  snaps,          -         -         - 

300 

283 

3.0 

17 

25 

241 

5 

1330 

3IQ3 

Parched  cereal, 

300 

282 

5.8 

33 

4 

24s 

6 

1261 

— 

Sugar,  ----- 
Total,       -         -         -         - 

612 

612 

— 

— 

612 

— 

2424 

6402 

2658 

63.8 

384 

394 

1880 

59 

13619 

3194 

Feces,  -         -         -         .         - 
Urine,  ----- 
Amount  available. 

239 

bi 

3-5 

22 

14 

25 

14 

395 
527 

— 

2597 

60.3 

362 

380 

1855 

45 

12697 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,     - 

97.7 

94-5 

94.3 

96.498.7 

76.3 

93.2 

During  this  experiment  the  subject  eliminated  3434.5  grams 
urine,  containing  59.8  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
16.0  grams;  outgo  in  urine,  16.0  grams,  and  in  feces,  .9  gram; 
impljdng  a  loss  of  .9  gram  nitrogen,  corresponding  to  5.6  grams 
protein. 
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STORRS  AGRICULTURAL  EXPERIMENT  STATION. 


DETAILS  OF  DIGESTION  EXPERIMENT  NO.    1 54. 

This  experiment,  a  part  of  metabolism  experiment  No.  29, 
began  with  breakfast  March  16,  1900,  and  continued  three 
days.  The  diet  contained  an  excess  of  carbohydrates.  The 
subject,  J.  F.  S.,  weighed  in  underclothes  at  the  beginning  of 
the  experiment  63.8  kilos  and  at  the  end  64.1  kilos.  During 
the  experiment  the  subject  was  engaged  eight  hours  a  day  in 
work  upon  the  stationary  bicycle. 

Table  io6. 
Digestion  experiment  No.  154.. 


S 

c 

<u 

0 

a 

Kind  of  Food. 

(LI 

a 

'3 

be 
0 

'S 

,"^ 

2 

X! 

is 

0 

0 

0 

fc 

0 

< 

0  I-. 

XI 

M 

.— . 

tJ'o 

u 
^ 

0 

0 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

3186 

Beef,     .         -         :         .         . 

174 

67 

10. 0 

62 

5 

— 

2 

405 

3187 

Butter,           -         -         .         . 

141 

124 

■  3 

2 

122 

— 

5 

I135 

3i8q 

Milk,  whole, 

2700 

397 

17.8 

III 

151 

135 

22 

2525 

3192 

Bread,  

900 

560 

13-5 

77 

18 

465 

12 

2637 

3181 

Ginger  snaps,         .         .         . 

225     213 

2.2 

13 

iq 

181 

4 

99« 

3193 

Parched  cereal,      -         -         . 

225 

211 

4-3 

25 

3 

183 

5 

945 

— 

Sugar, 

Total,       -         -         -         - 

459 

459 

— 

— 

— 

459 

— 

1818 

4824 

2031 

48.1 

290 

318 

1423 

50 

10463 

3iy5 

Feces,  -         -         -         .         . 

■177 

43 

2.6 

16 

9 

18 

10 

279 

Urine,  ----- 
Amount  available. 

^ 

1988 

— 

274 

— 

— 

— 

402 

45.5 

309 

1405 

40 

9782 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,     - 

97-9 

94.6 

94-5 

97.2 

98.7 

80.0 

93-5 

During  this  experiment  the  subject  eliminated  2362.9  grams 
urine,  containing  47.3  grams  nitrogen.  The  average  nitrogen 
balance  per  daj^  was  therefore  as  follows:  Income  in  food, 
16.0  grams;  outgo  in  urine  and  perspiration,  16.0  grams,  and 
in  feces,  .8  gram;  implying  a  loss  of  .8  gram  nitrogen,  corre- 
sponding to  5.0  grams  protein. 


DIGESTIBILITY  AND  AVAILABILITY  OF  FOOD. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.   1 56. 

This  experiment,  which  was  a  part  of  metabolism  experi- 
ment No.  31,  began  with  breakfast  March  22,  1900,  and  con- 
tinued three  days.  The  diet  contained  an  excess  of  fat.  The 
subject,  J.  F.  S.,  weighed  64.1  kilos  at  the  beginning  and  64.5 
kilos  at  the  end  of  the  experiment.  During  the  experiment 
he  was  engaged  eight  hours  each  day  at  work  upon  the  station- 
ar}^  bicj'cle. 

Table  107. 
Digestion  experiment  No.  156. 


„. 

1-." 

ri 

u 

a 

0 

,       Kind  of  Food. 

0 

0 

.s 

ta 

^ 

II 

OH 

^ 

0 

0 

'S 

&H 

0 

f 

< 

0  " 

*"« 

0 
^ 

0 

0 
Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

31S6 

Beef,           -         - 

174-0 

67 

lO.O 

62 

5 

— 

2 

405 

3187 

Butter,        -         -         .         . 

331.5 

290 

.7 

4 

286 

— 

II 

2668 

3iqi 

Milk,          .... 

2700.0 

396  17.6 

IIO 

151 

135 

22 

2535 

3192 

Bread,         -         .         .         . 

900.0 

56013.5 

77 

18 

465 

12 

2637 

3181 

Ginger  snaps,     - 

225.0 

213 

2.3 

13 

19 

181 

4 

998 

3193 

Parched  cereal,  - 

225.0 

211 

4.3 

25 

3 

183 

5 

945 

— 

Sugar,        -         -         .         . 
Total,  -         -         -         - 

75.0 

75 

48.4 

— 

— 

75 
1039 

— 

297 

4630.5 

18.12 

291 

482 

56 

10485 

3197 

Feces,         .         .         .         . 
Urine,         -         .         .         . 

Amount  available, 

160.0 

41 

2.4 

15 
276 

8 
474 

18 

II 

272 
389 

— 

1771 

46.0 

1021 

45 

9824 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability. 

97.7 

95.0 

94.8 

98.3 

98.2 

80.4 

93.7 

During  this  experiment  the  subject  eliminated  2482. S  grams 
urine,  containing  46.3  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
16. 1  grams;  outgo  in  urine  and  perspiration,  15.6  grams,  and 
in  feces,  .8  gram;  implying  a  loss  of  .3  gram  nitrogen,  corre- 
sponding to  2.3  grams  protein. 
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STORRS  AGRICULTURAL  EXPERIMENT  STATION. 


DETAILS  OF  DIGESTION  EXPERIMENT  NO.    157. 

This  experiment,  preliminary  to  metabolism  experiment  No. 
32,  began  with  breakfast  April  16,  1900,  and  continued  four 
days.  The  diet  in  the  experiment  contained  an  excess  of  fat. 
The  subject,  J.  F.  S.,  weighed  in  underclothes  66.2  kilos  at  the 
end  of  the  experiment.  In  addition  to  his  regular  duties  he 
took  a  considerable  amount  of  exercise  each  day. 


Table  io8. 
Digestion  experiment  No.  137. 


a 

u 

rt 

0 

u 

nJ 

fi 

a 

n 
V 

be 

a 

11 

Kind  of  Food. 

t+H 

fil 

0 

CS 

oS 

0 

0 

0 

■g 

fc 

0 

< 

0  1- 

.Q 

be 

.— 1 

■^•c 

5 

Gms 

C3 
0 

Gms 

Gms 

Gms 

Gms 

Gms 

X 

Gms 

Cal. 

320s 

Beef,     -         -         -         -         - 

232 

80 

II. q 

74 

6 

— 

2 

481 

3206 

Butter,            .         -         .         - 

398 

353 

.8 

5 

348 

— 

II 

3268 

3iqq 

Milk,     ----- 

3q8o 

573 

26.3 

163 

199 

211 

32 

3642 

3204 

Bread,  ----- 

1200 

731 

16.6 

94 

30 

607 

lb 

3443 

3207 

Ginger  snaps,         -         -         - 

300 

284 

2.6 

15 

22 

247 

6 

1330 

.3tq3 

Parched  cereal,      -         -         - 

300 

281 

5.H 

33 

4 

244 

6 

1260 

— 

Sugar,  ----- 
Total,       -         -         -         - 

140 
6SS0 

140 
2442 

64.0 

— 

— 

140 

— 

554 

384 

609 

1449 

73 

13978 

3208 

Feces, 

430 

109 

6.0 

37 

26 

46 

22 

756 

Urine,  ----- 
Amount  available, 

_ 

2333 

58.0 

347 

583 

1403 

— 

505 

51 

12717 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,     - 

95.5 

go.  6 

90.4 

95.7 

96.8 

69.9 

91.0 

During  this  experiment  the  subject  eliminated  3238.9  grams 
urine,  containing  61.2  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
16.0  grams;  outgo  in  urine,  15.3  grams,  and  in  feces,  1.5 
grams;  implying  a  loss  of  .8  gram  nitrogen,  corresponding  to 
5.0  grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.    I58. 

This  experimeut,  a  part  of  metabolism  experimeut  No.  32, 
began  with  breakfast  April  20,  1900,  and  continued  three  da3\s. 
There  was  an  excess  of  fat  in  the  diet.  The  subject,  J.  F.  S., 
weighed  in  underclothes  at  the  beginning  66.2  kilos  and  at  the 
end  64.9  kilos.  He  worked  eight  hours  each  day  upon  the 
stationary  bicycle. 


Table  109. 
Digestion  experiment  No.  1^8. 


I.' 

1) 

a 

*n 

i3 

11 

_o 

7) 

Kind  of  Food. 

a 

_o 

V 

bo 
0 

'3j 

CS 

t 

A 

II 

% 

0 

0 

■^ 

i-. 

(I< 

0 

< 

0  u 

■P 

bJO 

.—1 

♦J  13 

u 
^ 

ca 
0 

0 

Cms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

3205 

Beef,     -         -         -.        - 

174 

61 

8.9 

56 

c 

— 

2 

361 

3206 

Butter,           .         -         .         . 

291 

259 

.6 

4 

25.S 

— 

8 

2389 

3200 

Milk, 

3060 

423 

20.2 

126 

153 

144 

24 

2769 

3204 

Bread,  

goo 

54a 

12.4 

71 

23 

454 

12 

2582 

3207 

Ginger  snaps,          -         .         _ 

225 

212 

2.0 

II 

16 

1H5 

5 

998 

3193 

Parched  cereal,       -         .         - 

225 

211 

4-3 

25 

3 

183 

5 

945 

Sugar,  -         -         -         .         - 
Total,       -         -         .         - 

105 

105 
181Q 

48. 4 

— 

456 

105 
1071 

56 

416 

4980 

293 

10460 

320Q 

Feces, 

293 

63 

3-5 

22 

13 

28 

15 

425 

Urine, 

Amount  available, 

— 

— 

44-9 

271 

442 

— 

— 

358 

— 

1756 

1043 

41 

9677 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,     - 

96.5 

92.8 

92.5 

97.1 

97-4 

73-2 

92.5 

During  this  experiment  the  subject  eliminated  3829.6  grams 
urine,  containing  46.0  grams  nitrogen.  The  average  nitrogen 
balance,  per  day  was  therefore  as  follows:  Income  in  food, 
16. 1  grams;  outgo  in  urine  and  perspiration,  15.7  grams,  and 
in  feces,  1.2  grams;  implying  a  loss  of  .8  gram  nitrogen,  cor- 
responding to  5.0  grams  protein. 
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DETAII.S  OF  DIGESTION  EXPERIMENT  NO.    l6o. 

This  experiment,  a  part  of  metabolism  experiment  No.  34, 
began  with  breakfast  April  26,  1900,  and  continued  three  days. 
There  was  an  excess  of  sugar  in  the  diet.  The  subject,  J.  F.  S. , 
weighed  in  underclothes  at  the  beginning  of  the  experiment 
64.9  kilos  and  at  the  end  65.4  kilos.  He  was  engaged  eight 
hours  each  da}^  in  muscular  work  upon  the  stationary  bicycle. 


Table  iio. 
Digestion  experiment  N'o.  160. 


^ 

ti 

fl 

11 

nJ 

0 

ft 

a 

Kind  of  Food. 

S 
0 

V 

"v 

"S 

m 

1! 

^ 

0 

;-< 
0 

"S 

ft 

0 

< 

.Q 

ba 

ti'O 

I 

0 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gm.s 

Cal. 

3205 

Beef,     ----- 

174 

61 

8.9 

56 

-S 

— 

2 

361 

3206 

Butter,           -         -         -         - 

105 

93 

.2 

I 

92 

— 

3 

862 

3202 

Milk, 

3060 

417 

20.2 

126 

159 

132 

24 

2794 

3204 

Bread, 

900 

54« 

12.4 

71 

23 

454 

12 

2582 

3207 

Ginger  snaps,          -         .         . 

225 

212 

2.0 

II 

16 

185 

5 

998 

3193 

Parched  cereal,      -         .         - 

225 

211 

4-3 

25 

3 

183 

S 

945 

Sugar,  -         -         -         -         - 
Total,  ,    -         -          -         - 

489 

489 

— 

— 

— 

489 

— 

1936 

5178 

2031 

48.0 

290 

298 

1443 

.51 

10478 

3211 

Feces,  ----- 
Urine,  -         -         -         -         - 

Amount  available, 

256 

60 

3-5 

22 

15 

283 

23 

16 

377 
379 

— 

1971 

44.5 

268 

1420 

35 

9722 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,     - 

97.1 

92.7 

92.4 

95.0 

98.4 

68.6 

92.8 

During  this  experiment  the  subject  eliminated  2855.8  grams 
urine,  containing  48.9  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
16.0  grams;  outgo  in  urine  and  perspiration,  16.7  grams,  and 
in  feces,  1.2  grams;  implying  a  loss  of  1.9  grams  nitrogen,  cor- 
responding to  1 1.9  grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.    1 89. 

This  experiment,  preliminary  to  metabolism  experiment  No. 
35,  began  with  breakfast  December  5,  1900,  and  continued 
four  daj'S,  ^Yith  an  ordinary  mixed  diet.  The  subject,  J.  C.  W. , 
was  a  college  student.  His  weight  was  not  taken  at  the  be- 
ginning of  the  experiment  but  at  the  end  it  was  76.1  kilos. 
During  the  experiment  he  took  as  little  muscular  exercise  as 
practicable. 

Table  hi. 
Digestion  expeidment  No.  i8g. 


_. 

a 

aj 

ai 

_o 

Kind  of  Food. 

M 
0 

'S 

"S 

la 

0  S 

iz; 

0 

u 
0 

'!? 

fe 

0 

< 

0  u 

.Q 

M 

.-H 

■"T3 

I 

0 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

3241 

Beef,     -         -         -         -         - 

400 

152 

22.5 

140 

12 

— 

4 

908 

3242 

Butter,           .... 

100 

87 

•3 

2 

85 

— 

3 

775 

3243 

Milk,  whole. 

3400 

456 

18.7 

116 

170 

170 

24 

— 

324  s 

Bread, 

1200 

694 

15. & 

8g 

48 

.SS7 

II 

3340 

324(3 

Shredded  wheat,    -    ,      - 

200 

181 

3-4 

19 

3 

159 

3 

815 

3247 

Ginger  snaps. 

200 

1S2 

i-q 

II 

14 

157 

4 

848 

— 

Sugar,  .         -       .  - 

80 

80 

— 

— 

— 

80 

— 

317 

Total,       .... 

5580 

1832 

62.4 

377 

332 

1123 

49 

7003 

3248 

Feces, 

Urine,  ..... 

Amount  available. 

277 

56 

4.2 

26 

12 

18 

II 

333 

547 

— 

1776 

58.2 

351 

320 

1105 

38 

6123 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,     - 

97.0 

93.3 

93-1 

96.4198.4 

77.6 

87.4 

During  this  experiment  the  subject  eliminated  3154.8  grams 
urine,  containing  63.7  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
15.6  grams;  outgo  in  urine,  15.9  grams,  and  in  feces,  i.i 
grams;  implying  a  loss  of  1.4  grams  nitrogen,  corresponding  to 
8.7  grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.    190. 

This  experiment,  part  of  metabolism  experiment  No.  35, 
began  with  breakfast  December  8,  1900,  and  continued  four 
days.  The  subject,  J.  C.  W.,  weighed  at  the  beginning  of 
the  experiment  76.1  kilos  and  at  the  end  75.9  kilos.  During 
the  sojourn  in  the  respiration  calorimeter  he  remained  as  quiet 
as  practicable. 

Table  112. 
Digestion  experiment  No.  ipo. 


11 

a 

p. 

e 

'u 

s 

d 

in 

0 

It 

03 

Kind  of  Food. 

a 

n 

0 

(U 

■3 

■o 
>. 

^ 

oS 

^ 

0 

M 
0 

■^ 

^ 

0 

< 

0  i^ 

.Q 

._( 

rt 

-"T3 

C3 

u 

^ 

0 

u 

Gms 

Gtns 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

3241 

Beef,     ----- 

400 

153 

22.5 

141 

12 

— 

4 

908 

3242 

Butter,           -         -         -         - 

100 

87 

•  3 

2 

85 

— 

3 

775 

3244 

Milk,  whole, 

3400 

468 

20.4 

129 

180 

159 

24 

3072 

3245 

Bread,  

1200 

694 

15.6 

89 

48 

S57 

II 

3340^ 

3246 

Shredded  wheat,    -         -         - 

200 

181 

3-4 

19 

3 

159 

3 

816 

3247 

Ginger  snaps,         -         -         . 

200 

182 

— 

II 

14 

157 

4 

848 

Sugar,  ----- 
Total,       -         -         -         - 

80 

80 

2.0 

— 

— 

80 

317 

5580 

1845 

64.2 

391 

342 

1112 

49 

10076 

3249 

Feces,  ----- 
Urine,  -         I         .         .         . 
Amount  available. 

395 

72 

4.9 

31 

lb 

25 

15 

440 

540 

.— 

1773 

59-7 

360 

326 

1087 

34 

9096 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,     - 

96.1 

93 -o 

92.1 

95-3 

97.8 

69.4 

90- 3- 

During  this  experiment  the  subject  eliminated  5683.4  grams 
urine,  containing  63.4  grams  nitrogen.  The  average  nitrogen 
balance  per  daj'  was  therefore  as  follows:  Income  in  food, 
16.0  grams;  outgo  in  urine,  15.8  grams,  and  in  feces,  1.2 
grams;  implying  a  loss  of  i.o  gram  nitrogen,  corresponding 
to  6.4  grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.    192. 

This  experiment,  preliminar}^  to  metabolism  experiment  No. 
37,  began  with  breakfast  January  8,  1901,  and  continued  three 
daj's.  The  diet  during  the  experiment  contained  an  excess  of 
carbohj^drates.  The  weight  of  the  subject,  J.  C.  W.,  at  the 
beginning  of  the  experiment  was  not  taken,  but  at  the  end  was 
in  underclothes  77  kilos.  During  the  experiment  he  took  a 
regular  amount  of  muscular  exercise  each  day. 

Table  113. 
DigestioJi  experinieiit  No.  ig2. 


„. 

1> 

a 

CI 

0 

1^ 

2 

0 

^ 

5ii 
H-5 

Kind  of  Food. 

.l  1 

p; 

0 

■^ 

ca 

>^ 

0  a 

0 

0 

M 

fe 

0 

< 

0    in 
4m    (U 

J2 

0 

A 

Oil 

Xi 

M 

•WT3 

S 
^ 

0 

Gms 

0 

Gms 

w  - 

Cms 

Gms 

Gms 

Gms 

Gms 

Cal. 

3251 

Beef,     ----- 

255 

94 

13.9 

87 

7 

— 

2 

574 

32  S3 

Butter,           .         -         -         . 

60 

52 

.2 

1 

51 

— 

I 

463 

3254 

Milk,     ----- 

1500 

208 

H.4 

53 

83 

72 

II 

1300 

3256 

Bread,  - 

1350 

761 

17.0 

97 

31 

633 

12 

3606 

3257 

Graham  crackers, 

150 

143 

2.1 

12 

15 

116 

2 

697 

3246 

Shredded  wheat,    - 

150 

135 

2.5 

14 

2 

liq 

2 

611 

3247 

Ginger  snaps,         -         -         - 

225 

205 

2.2 

13 

16 

176 

5 

954 

3258 

Milk  sugar,   -          -         -         - 
Total,       -         -         -         - 

150 

142 

— 

— 

— 

142 

— 

558 

3840 

1740 

46.3 

277 

205 

1258 

35 

8763 

3259 

Feces, 

246 

51 

4-1 

26 

7 

18 

285 

Urine,  ----- 
Amount  available, 

— 

— 

42.2 

251 

198 

— 

— 

531 

— 

1689 

1240 

28 

7947 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability. 

97.2 

92.0 

go.  6 

96.6 

98.6 

80.0 

90.7 

During  this  experiment  the  subject  eliminated  3053.4  grams 
urine,  containing  58. 3  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows :  Income  in  food, 
II. 6  grams;  outgo  in  urine,  14.6  grams,  and  in  feces,  i.o 
gram;  implying  a  loss  of  4.0  grams  nitrogen,  corresponding  to 
25.0  grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.    1 93. 

This  experiment  was  a  part  of  metabolism  experiment  No.  37, 
a  work  experiment  with  an  excess  of  carbohydrates  in  the  diet. 
It  began  with  breakfast  Januar}^  11,  1901,  and  continued  four 
da3'S.  The  subject,  J.  C.  W.,  in  underclothes  weighed  77  kilos 
at  the  beginning  and  74.6  kilos  at  the  end  of  the  experiment. 
He  worked  eight  hours  a  day  upon  the  stationary  bicycle. 

Table  114. 
Digestion  experiment  No.  ipj. 


U 

a 

(U 

.2 

tn 

.2 

s 

Kind  of  Food. 

HI 

a 

s 

n 

M 
0 

^ 

X. 

l-s 

d 

0 

0 

1-1 

u 

fe 

0 

< 

<J  u 

ji 

bo 

._! 

4-1  >a 

11 

0 

0 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

3251 

Beef, 

340 

126 

18.6 

116 

10 

— 

3 

764 

3263 

Beef, 

100 

36 

5-3 

33 

3 

— 

I 

212 

3253 

•Butter,           -         -         -         - 

80 

69 

.2 

I 

68 

— 

2 

616 

32SS 

Milk,     ----- 

2000 

290 

II. 2 

70 

no 

no 

14 

1888 

32';6 

Bread,  ----- 

1800 

IO15 

22.7 

130 

41 

844 

16 

4808 

3257 

Graham  crackers,  - 

200 

190 

2.8 

16 

20 

154 

3 

928 

3247 

Ginger  snaps. 

300 

273 

3-0 

17 

21 

235 

7 

1272 

325« 

Milk  sugar,  -         -         -         - 

360 

342 

— 

— 

— 

342 

— 

1340 

— 

Sugar,  ----- 

560 

Sto 

— 

— 

— 

560 

— 

2216 

3246 

Shredded  wheat,    - 

Total,       -         -         -         . 

200 

181 

3.4 

19 

3 

159 

3 

816 

5940 

3082 

67.2 

402 

276 

2404 

49 

14860 

3260 

Feces,  ----- 
Urine,  ----- 
Amount  available. 

4145 

86 

6.3 

40 

16 

30 

15 

506 
531 

— 

2996 

60.9 

362 

260 

2374 

34 

13823 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availabihty,     - 

97.2 

90.6 

go.  I 

94-2 

98.8 

69.4 

93-0 

During  this  experiment  the  subject  eliminated  3982.8  grams 
urine,  containing  66.3  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows :  Income  in  food, 
16.8  grams;  outgo  in  urine  and  perspiration,  16.9  grams,  and 
in  feces,  1.6  grams;  implying  a  loss  of  1.7  grams  nitrogen, 
corresponding  to  10.8  grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.  194. 
This  experiment,  a  part  of  metabolism  experiment,  No.  38, 
was  a  work  experiment,  with  an  excess  of  fat  in  the  diet.  It 
began  with  breakfast  January  15,  1901,  and  continued  four 
days.  The  subject,  J.  C.  W.,  weighed  in  underclothes  74.1 
kilos  at  the  beginning  and  73.5  kilos  at  the  end  of  the  experi- 
ment. The  work  consisted  of  pedalling  a  stationary  bicycle 
for  eight  hours  each  day. 

Table  115. 
Digestion  experiment  No.  ip^.. 


u 

„ 

v 

rt 

0 

ft 

V 

fl 

S-a 

a 
g 

Kind  of  Food. 

s 

tj 

n 

V 

bo 
0 

'v 

Is 

.c 

II 
0  S 

1 

0 

0 

S 

u 

% 

0 

< 

0  1-, 

.D 

M 

-MT3 

B 
0 

(J 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

.32?^  I 

Beef, 

TOO 

37 

5.5 

34 

3 

— 

I 

225 

3263 

Beef,     ----- 

100 

36 

5.3 

33 

3 

— 

I 

213 

3252 

Deviled  ham, 

300 

170 

7-4 

46 

124I  — 

12 

1422 

3253 

Butter,           -         -         .         - 

440 

377 

1-3 

6 

371;  — 

9 

3396 

3262 

Milk, 

5400'  777 

30.2 

T8q 

270    318 

3a 

4925 

32S6 

Bread,  ----- 

1000    564 

12.6 

72 

23 

469 

9 

2671 

3246 

Shredded  wheat,    -         -         - 

200    181 

3-4 

19 

3 

159 

3 

«I5 

3247 

Ginger  snaps, 

200    182 

2.0 

II 

14 

157 

4 

848 

— 

Sugar,  ----- 
Total,       .         -         -         - 

80      80 

— 

— 

— 

80 

— 

317 

7820  2404 

67.7 

410 

811 

1 1 83 

77 

14832 

3261 

Feces,  ----- 

Urine, 

Amount  available. 

472 

88 

4.S 

30 

27 

784 

31 

25 

612 
621 

2316 

63.3 

380 

II52 

52 

13599 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,     - 

96.4 

93.5 

92.7 

96.7 

97-4 

67.5 

91.7 

During  this  experiment  the  subject  eliminated  4033.2  grams 
urine,  containing  81.  i  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food,  16.9 
grams;  outgo  in  urine  and  perspiration,  20.6  grams,  and  in 
feces,  1.2  grams;  implying  a  loss  of  4.9  grams  nitrogen,  cor- 
responding to  30.5  grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.  1 95. 
This  experiment,  which  was  preHminary  to  metaboHsm  ex- 
periment No.  40,  began  with  breakfast  February  22,  1901,  and 
continued  four  days.  The  diet  contained  an  excess  of  carbo- 
hydrates. The  weight  of  the  subject,  J.  C.  W.,  was  not  taken 
at  the  beginning  of  the  experiment  but  at  the  end  was  in 
underclothes  79.5  kilos.  During  the  experiment  he  took  a 
regular  amount  of  muscular  exercise  each  day. 

Table  ii6. 
Digestion  experivieiit  No.  195. 


ft 

a 

a) 

d 

5 

Kind  of  Food. 

11 

E 
0 

X. 

J-* 

a 

u 

'S 

;-< 
0 

"id 
0 

{-• 

n 

0 
U 

2 

0 

u 

•0 
>< 

J= 
0 

.Q 
;-< 
cd 

0 

.13 
< 

a 
_o 

0  ;- 

otJ 

3296 
* 

3298 

3299 
3302 

3303 
3304 
3305 
3258 

Beef,     -         -         -         -         - 
Deviled  ham,         -         .         . 
Butter,           ...         - 
Milk,     ----- 

Bread,  

Graham  crackers,  - 
Shredded  wheat,    -         -         - 
Ginger  snaps,         .         -         - 
Milk  sugar,   -         -    ■     - 
Sugar,  ----- 
Total,       -         -         -         - 
Feces,  ----- 
Urine,  ----- 
Amount  available, 

Coefficients  of  availability,     - 

Gms 

190 

56 
456 
3730 
1800 
200 
240 
290 
200 
420 

7582 
790 

Gms 

71 
30 
398 
5" 
999 
189 
222 
271 
190 
420 

Gms 

10.3 
1.8 

I.O 

20.9 

23.2 

3-1 

4.3 

3.0 

67.6 

8.7 

59-3 

% 
87.1 

Gms 

65 

II 

6 

131 

133 

iB 

25 
17 

Gms 

6 

19 

392 

179 

22 
22 

4 
16 

Gms 

201 

S44 
149 

193 
238 
190 
420 

Gms 

2 

2 

II 

26 

18 

6 

4 
7 

Cal. 

41S 

loa 

3607 

3156 

4559 

935 

984 

1254 

744 

1663 

3306 

3301 
142 

3159 

% 
95.7 

406 

54 

660 

43 

2235 

45 

76 
22 

17420 
942 
481 

352 

% 
86.7 

617 

% 
93-5 

2190 

% 
98.0 

54 
% 
71. 1 

15997 

% 
91. S 

*  Deviled  ham  used  only  in  two  meals,  morniug  and  noon  of  first  day.    Composition 
assumed  from  U.  S.  Dept.  Agr.  Office  of  EJxperiment  Stations,  Bui.  28. 

During  this  experiment  the  subject  eliminated  3726.6  grams 
urine,  containing  62.1  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
16.9  grams;  outgo  in  urine,  15.5  grams,  and  in  feces,  2.2 
grams;  implying  a  loss  of  .8.  gram  nitrogen,  corresponding  to 
5.0  grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.    1 96. 

This  experiment  was  a  part  of  metabolism  experiment  No. 
40,  a  work  experiment  with  an  excess  of  carbohj^drates  in  the 
diet.  It  began  with  breakfast  February  26,  1901,  and  con- 
tinued four  daj's.  The  subject,  J.  C.  W. ,  weighed  in  under- 
•clothes  78. 8  kilos  at  the  beginning  and  77.8  kilos  at  the  end  of 
the  experiment. 

Table  117. 
Digestio7i  experiment  No.  ip6. 


0. 

s 

aj 

d 

iz; 

Kind  of  Food. 

.2 
v 

a 
0 

'S 

V 

a 

u 

a 

CS 

M 
1- 
0 

Nitrogen. 
Protein. 

V 

-a 
1 

0 

< 

a 
0 

8£ 

V 

w 

Gms 

Gms 

Gms  Gms 

Gms  Gms 

Gms'    Cal. 

3296 

Beef,     ----- 

240 

8q 

13. I       82 

7 

— 

2         528 

3298 

Butter,           -         -         .         - 

80 

70 

.2           I 

69 



2        632 

3300 

Milk, 

1850 

262 

II. I        72 

96 

94 

13      1707 

3302 

Bread,  ----- 

2200 

1221 

28.4;    163 

26 

1032 

22I    5572 

3303 

Graham  crackers,  -          -         - 

400 

378 

6.2!       36 

44 

298 

12 

1 868 

3304 

Shredded  wheat,    - 

320 

295 

5.8^     33 

5 

257 

5 

1312 

3305 

Ginger  snaps. 

340 

318 

3.6      20 

19 

279 

8 

1468 

325B 

Milk  sugar,  -          -         -         - 

400 

380 

—      — 

— 

380 

— 

1488 



Sugar,  ----- 
Total,       -         -         -         - 

870 

870 

—      — 

— 

870 

— 

3445 

6700 

3883 

68.4    407 

266 

3210 

64  18020 

3307 

Feces,  ----- 
Urine,  -         -         -         -         - 
Amount  available. 

618 

123 

8.6 

53 

22 

48 

19 

728 
573 

3760 

59-8 

354 

244 

3162 

45 

16719 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,     - 

96.8 

87.487.0 

1 

91-798.5 

70.3 

92.8 

During  this  experiment  the  subject  eliminated  3329.6  grams 
urine,  containing  67.3  grams  nitrogen.  The  average  nitrogen 
balance  per  da}^  was  therefore  as  follows:  Income  in  food, 
1 7. 1  grams;  outgo  in  urine  and  perspiration,  17.  i  grams,  and 
in  feces,  2.2  grams;  impl3dng  a  loss  of  2.2  grams  nitrogen,  cor- 
responding to  13.6  grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.  197. 
This  experiment  formed  a  part  of  metabolism  experiment 
No.  41,  a  work  experiment  with  an  excess  of  fat  in  the  diet. 
It  began  March  2,  1901,  and  continued  four  days.  The  weight 
of  the  subject,  J.  C.  W.,  in  underclothes  at  the  beginning  of 
the  experiment  was  77.8  kilos  and  at  the  end  77.0  kilos. 

Table  ii8. 
Digestion  experiment  No.  ipy. 


u 

a 

(U 

rt 

0 

Clj 

fli 

s 

Kind  of  Food. 

1a 

a 

'3 

g 

M 

0 

^ 

2 

.d 

R  a 

g 

0 

;-< 
0 

9, 

fe 

X 

0 

< 

jD 

be 

._! 

tJ'O 

i-r 

a 
0 

0 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

32q6 

Beef, 

140 

52 

7.6 

48 

4 

— 

I 

308 

32q8 

Butter, 

924 

»o8 

2.0 

13 

795 

— 

21 

7308 

3-^01 

Milk,    ----- 

5820 

814 

34-3 

215 

308 

291 

41 

5302 

3302 

Bread,  

1400 

778 

18. 1 

104 

17 

657 

14 

354(> 

.3304 

Shredded  wheat,    - 

160 

148 

2.9 

16 

3 

129 

2 

b5b 

3305 

Ginger  snaps,         -         -         - 
Total,       -         -         -         - 

240 

224 

2.5 

14 

13 

197 

b 

1036 

8684 

2824 

67.4 

410 

1 140 

1274 

85 

18156 

3308 

Feces,  -         -         -         -         - 
Urine,  -         -         -         -         - 

Amount  available. 

687 

122 

5.8 

36 

45 

41 

28 

925 
631 

— 

2702 

61.6 

374 

1095 

1233 

57 

16600 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability 

95.7 

91.4 

91.2 

96.1 

96.8 

67.1 

91.4 

During  this  experiment  the  subject  eliminated  6254.5  grams 
urine,  containing  So.  i  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
16.9  grams;  outgo  in  urine,  20.3  grams,  and  in  feces,  1.5 
grams;  implying  a  loss  of  4.9  grams  nitrogen,  corresponding 
to  30.6  grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.  1 98. 
This  experiment,  preliminar}'  to  metabolism  experiment 
No.  43,  began  with  breakfast  March  25,  1901,  and  continued 
four  days.  The  subject,  J.  C.  W.,  weighed  79.2  kilos  at  the 
end  of  the  experiment.  During  the  period  he  took  a  consider- 
able amount  of  muscular  exercise  daily.  The  diet  contained 
an  excess  of  fat. 


Table  119. 
Digestio7i  experhnent  No.  ig8. 


^ 

a 

<LI 
ft 

1 

Kind  of  Food. 

.2 

OJ 

E 

E 

u 
'a 

a 

rt 

in 

u 
>> 

/d 

.2 

11 

% 

X            0 

■^ 

u 

% 

0 

< 

0  t, 
oti 

.Q 

M 

^-^ 

cti 

U 

V 

K 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

33oq 

Beef,           -         -         -         - 

122.5 

44 

6.4 

40 

4 

— 

I 

265 

33  IS 

Butter,       ...         - 

881.0     762 

l.q 

12 

750 

— 

20 

6821 

33" 

Milk,          -        .         .         - 

5060.0     703 

30.4 

192 

263 

248 

35 

4478 

3314 

Bread,        .... 

1275.0     720 

18. 1 

103 

14 

603 

13 

3326 

3305 

Ginger  snaps,     - 

240. Oj  224 

2.5 

14 

13 

197 

6 

1037 

3304 

Shredded  wheat. 

160.0   148 

2.q 

16 

3 

129 

2 

656 

3321 

Cereal  coffee,     - 

800.0        5 

.1 

— 

S 

I 

27 

Cocoa,        .... 

34.5      30 

I.I 

7 

10 

13 

2 

8a 

— 

Sugar,        .... 
Total,  -         -         -         . 

86.5,     87 

— 

— 

— 

87 

— 

343 

8659.512723 

63.4 

384 

1057 

1282 

80 

17033 

3315 

Feces,         .         .         .         . 
Urine,        .         .         -         . 
Amount  available, 

S27.0,   136 

7.8 

49 

36 

51 

30 

985 
421 

-     12587 

55.6 

335 

102 1 

1231 

50 

15627 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability, 

95.0 

87.7 

87.3 

96.6  96.0 

62.5 

91.7 

*  Composition  taken  from  U.  S.  Dept.  Agr.  Office  of  EJxperiment  Stations,  Bui.  No.  28. 

During  this  experiment  the  subject  eliminated  3685.1  grams 
urine,  containing  65.3  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
15.9  grams;  outgo  in  urine,  16.3  grams,  and  in  feces,  2.0 
grams;  implying  a  loss  of  2.4  grams  nitrogen,  corresponding 
to  15.0  grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.    1 99. 

This  experiment  was  a  part  of  metabolism  experiment  No. 
43,  a  work  experiment  with  an  excess  of  fat  in  the  diet.  It 
began  with  breakfast  March  29,  1901,  and  continued  four  days. 
The  weight  of  the  subject,  J.  C.  W.,  in  underclothes  was  79.2 
kilos  at  the  beginning  of  the  experiment  and  78.5  kilos  at  the 
end  of  the  experiment. 

Table  120. 
Digestion  experi-inent  No.  ipp. 


„ 

V 

CO 

m 

.2 

a 

Kind  of  Food. 

Is 

s 

0 

"a 

bu 
0 

'? 

cfl 

A 

sa 

0 

0 
5 

0 

■g 

^1 
Pi 

fe 

/3 
0 

< 

0  u 

J2 

,—1 

'iJ'O 

cd 

0 

(J 

Cms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

33oq 

Beef,  ----- 

140 

50 

7-4 

46 

4 

— 

1 

304 

33TO 

Butter,         ...         - 

980 

■  846 

1.9 

12 

«.34 

— 

26 

7716 

1312 

Milk,  ----- 

5420 

786 

33-6 

212 

298 

276 

3S 

4988 

3314 

Bread,          -         -         -         - 

1400 

790 

19.9 

113 

15 

662 

14 

3652 

3305 

Ginger  snaps,       -         -         - 

240 

224 

2.5 

14 

13 

197 

6 

1036 

3304 

Shredded  wheat,  -         -         - 

160 

148 

2.9 

16 

3 

129 

2 

656 

3321 

Cereal  coffee,       .         .         . 

4800 

32 

■  5 

3 

29 

5 

164 



Sugar,          -         -         -         - 
Total,     -         .         -         - 

240 

240 

— 

— 

— 

240 

— 

952 

13380 

3116 

68.7 

416 

1167 

1533 

92 

19468 

3316 

Feces,           -         .         -         - 
Urine,          .         .         -         - 
Amount  available. 

883 

130 

8.2 

51 

30 

49 

28 

897 
588 

— 

2986 

60.5 

365 

"37 

1484 

64 

17983 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,  - 

95.8 

88.0 

87.8 

97-4 

96.8 

69.6 

92.3 

During  this  experiment  the  subject  eliminated  7885.7  grams 
urine,  containing  75.0  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
17. 1  grams;  outgo  in  urine  and  perspiration,  19.  i  grams,  and 
in  feces,  2.0  grams;  implying  a  loss  of  4.0  grams  nitrogen,  cor- 
responding to  25.0  grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.   200. 

This  experiment  formed  a  part  of  metabolism  experiment 
No.  44,  a  work  experiment  with  an  excess  of  carbohydrates 
in  the  diet.  It  began  April  2,  1901,  and  continued  four  daj^s. 
The  subject,  J.  C.  W.,  weighed  in  underclothes  78.9  kilos  at 
the  beginning  and  78.7  kilos  at  the  end  of  the  experiment. 


Table  121. 
Digestion  experiment  No.  200. 


^ 

11 

n 

HI 

a) 

_o 

g 

<u 

(J 

d 

d 

(U 

m 

Kind  of  Food. 

c 

a 

bo 

0 

(LI 

d 

Xi 

S'S 

^ 

0 

0 

U 

b 

.13 
0 

< 

0  g 

.— . 

0 

tj 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

3309 

Beef,           -         -         .         - 

240 

86 

12.6 

79 

7 

— . 

2 

520 

3310 

Butter,       .         -         -         . 

80 

6q 

.2 

I 

68 

— 

2 

628 

3313 

Milk,          -         - 

1800 

270 

II. 0 

68 

lOI 

lOI 

13 

1692 

3314 

Bread,        .         .         .         . 

2200 

1243 

31.2 

178 

24 

1041 

22 

5740 

3305 

Ginger  snaps,     - 

340 

31B 

3.6 

20 

19 

279 

8 

1468 

3304 

Shredded  wheat, 

320 

295 

5.8 

33 

5 

257 

5 

1312 

3321 

Cereal  coffee, 

4800 

32 

■5 

3 

— 

29 

5 

164 

— 

Sugar,        -         -         .         . 

1224 

1224 

— 

— 

— 

1224 

— 

4848 

3303 

Graham  crackers, 

400 

378 

6.2 

36 

44 

298 

12 

1868 

325S 

Milk  sugar, 

Total,  -         -         -         - 

400 

380 

— 

— 

268 

380 

— 

1488 

1 1 804 

4295 

71. 1 

418 

3609 

69 

19728 

3317 

Feces,         .         -         .         . 
Urine,        -         .         -         . 
Amount  available. 

802 

131 

10.3 

65 

16 

50 

19 

762 
560 

— 

4164 

60.8 

353 

252 

3559 

50 

18406 

% 

% 

% 

% 

% 

% 

% 

CoeiBcients  of  availability. 

97.0 

85.5 

84. 5 

94.0 

98.6 

72.5 

93-3 

During  this  experiment  the  subject  eliminated  8242.5  grams 
urine,  containing  67.7  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
17.8  grams;  outgo  in  urine  and  perspiration,  17.3  grams,  and 
in  feces,  2.6  grams;  implying  a  loss  of  2.1  grams  nitrogen,  cor- 
responding to  13. 1  grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.   20I. 

This  experiment  was  a  part  of  metabolism  experiment  No. 
45,  a  work  experiment  with  an  excess  of  fat  in  the  diet.  It 
began  with  breakfast  April  6,  1901,  and  continued  one  day. 
The  subject  weighed  78.8  kilos  at  the  beginning  and  78.3  kilos 
at  the  eud  of  the  experiment. 

Table  122. 
Digestion  experiment  No.  201 . 


u 

c 

<L1 

c« 

0 

s 

0) 

to 

Kind  of  Food. 

s 

'3 

.9 

^ 

Id 

A 

St) 

0  s 

^ 

0 

u 
0 

■^ 

id 

u 

0 

< 

.4-,    HJ 

■Pi 

M 

,_! 

■y^ 

0 
in 

0 

Grtis 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

330Q 

Beef, 

35 

12 

1.8 

II 

I 

— 

— 

76 

3310 

Butter,    -         -         -         -         - 

245 

211 

•  5 

3 

208 

— 

7 

1929 

33iq 

Milk,       ----- 

1355 

203 

8.7 

54 

72 

77 

9 

1240 

3314 

Bread,     

350 

iq8 

5.0 

28 

4 

166 

4 

913 

330,S 

Ginger  snaps, 

60 

sf) 

.6 

4 

3 

49 

— 

259 

3304 

Shredded  wheat,      .         .         - 

40 

37 

■  7 

4 

I 

32 

I 

164 

3321 

Cereal  coffee,  -         -         -         - 

1200 

8 

.1 

I 

— 

7 

I 

41 

Sugar, 

Total,         .         -         -         - 

60 

60 

17.4 

— 

— 

60 
391 

— 

238 

334.5 

785 

105 

28q 

22 

4860 

3320 

Feces,     ----- 

258 

37 

2.2 

14 

8 

15 

7 

256 

Urine,     ----- 
Amount  available,            -         -  . 



— 

15-2 

— 

281 

376 

— 

150 

748 

91 

15 

4454 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability. 

95-3 

87.4 

86.7 

97.2 

96.2 

68.2 

91.7 

During  this  experiment  the  subject  eliminated  2233.9  grams 
urine,  containing  18.9  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
17.4  grams;  outgo  in  urine  and  perspiration,  19.3  grams,  and 
in  feces,  2.2  grams;  implying  a  loss  of  4.1  grams  nitrogen,  cor- 
responding to  25.6  grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.  202. 
This  experiment  was  preliminar}^  to  metabolism  experiment 
No.  46.  It  began  with  breakfast  April  29,  1901,  and  continued 
four  days.  The  subject,  J.  C.  W.,  weighed  in  underclothes 
at  the  end  of  the  experiment  79.6  kilos.  He  took  a  regular 
amount  of  muscular  exercise  each  day  during  the  period. 

Table  123. 
Digestion  experijnent  No.  202. 


„. 

u       ■ 

CI     1 

a 

g 

Kind  of  Food. 

a 

"3 

g 

'S 

it 

M 

0 

rt 

A 

a-S 

0 

u 

0 

'^ 

to 

0 

f 

< 

0  u 

0  s 

Xi 

M 

._. 

■M-O 

0 

0 

Gms 

Gms 

Gms 

Gm.s 

Gms 

Gms 

Gms 

Cal. 

.3340 

Beef, 

140 

51 

7-5 

47 

4 

— 

I 

307 

3.341 

Butter,         -         .         -         . 

980 

868 

2 

0 

12 

856 

— 

27 

7922 

3346 

Bread,          .... 

1400 

791 

17 

8 

lOI 

22 

668 

13 

3665 

3305 

Ginger  snaps,  -    - 

240 

224 

2 

5 

14 

13 

197 

6 

1037 

3.347 

Shredded  wheat,  -         -         - 

160 

14s 

2 

8 

16 

2 

127 

2 

648 

3342 

Milk,  -         .         -         -         . 

5470 

766 

33 

9 

213 

279 

274 

44 

4814 

3.34B 

Cereal  coffee,        -         .         . 

4800 

53 

5 

S 

— 

48 

— 

221 

— 

Sugar,          -         -         .         - 
Total,     -         -         -         . 

180 

180 

— 

— 

— 

180 

— 

713 

13370 

3078 

67.0 

408 

II76 

1494 

93 

19327 

3349 

Feces,           .... 
Urine,          .... 
Amount  available, 

836 

139 

8.2 

51 

55 

33 

28 

lOIO 

527 

— 

2939 

58.8 

357 

1121 

1461 

65 

17790 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,   - 

95.5 

87.8 

87.5 

95-3 

97.8 

69.9 

92.1 

During  this  experiment  the  subject  eliminated  7317.5  grams 
urine,  containing  60.1  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food,  16.8 
grams;  outgo  in  urine,  15.0  grams,  and  in  feces,  2.1  grams; 
implying  a  loss  of  .3  gram  nitrogen,  corresponding  to  1.9  grams 
protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.   203. 

This  experiment  was  a  part  of  metabolism  experiment  No. 
46,  a  work  experiment  with  an  excess  of  fat  in  the  diet.  It 
began  with  breakfast  May  3,  1901,  and  continued  four  days. 
The  weight  of  the  subject,  J.  C.  W.,  in  underclothes  at  the  be- 
ginning was  79.6  kilos  and  at  the  end  79.7  kilos. 

Table  124.  . 

Digestion  experiment  No.  20 j. 


CI 

a 

'C 

"3 

V 

.2 

tnCT 

e 

Kind  of  Food. 

03 

a 

_o 

a 

M 
0 

6 
"E 

a 

a 

^ 

II 

0  S 

% 

0 

0 

i?, 

Hh 

0 

< 

0  u 

.a 

._, 

■^'a 

>4 

0 

V 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

3340 

Beef,   ----- 

140 

51 

7.6 

47 

4 

— 

I 

308 

3341 

Butter,         -         -         .         - 

980 

86q 

2.0 

12 

857 

— 

27 

7924 

3343 

Milk,  ----- 

5620 

775 

34.8 

219 

3oq 

247 

39 

4832 

3346 

Bread,          -         -         - 

1400 

yqi 

17.8 

lOI 

22 

668 

13 

3664 

3305 

Ging-er  snaps, 

240 

224 

2.5 

14 

13 

197 

6 

1036 

3347 

Shredded  wheat. 

160 

14s 

2.8 

16 

2 

127 

2 

648 

3348 

Cereal  coffee,        -         -         - 

4800 

51 

•5 

3 

— 

48 

— 

220 

— 

Sugar,          -         .         -         - 
Total,     -         -         -         - 

180 
13520 

180 

— 

180 

— 

712 

3086 

68.0 

412 

1207 

1467 

88 

19344 

3350 

Feces,          -         -         -         - 
Urine,          -         -         -         - 
Amount  available. 

868 

120 

7.2 

45 

43 



32 

26 

858 
576 

— 

2966 

60.8 

367 

1 164 

1435 

62 

I79IO 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availabilit)^   - 

— 

96.1 

89.4 

89.1 

96.4 

97.8 

70.5 

92.6 

During  this  experiment  the  subject  eliminated  5446.6  grams 
urine,  containing  63.6  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food,  17.0 
grams;  outgo  in  urine  and  perspiration,  16.  i  grams,  and  in 
feces,  1.8  grams;  implying  a  loss  of  .9  gram  nitrogen,  corre- 
sponding to  5.6  grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.   204. 

This  experiment  was  a  part  of  metabolism  experiment  No. 
47,  a  work  experiment  with  an  excess  of  carbohydrates  in  the 
diet.  It  began  with  breakfast  Ma}-  7,  1901,  and  continued 
four  days.  The  weight  of  the  subject,  J.  C.  W.,  in  under- 
clothes was  79.3  kilos  at  the  beginning  and  79.5  kilos  at  the 
end  of  the  experiment. 

Table  125. 
Digestion  experiment  N^o.  20^. 


v 

15 

u 

03 

S 

ft 
H 

Kind  of  Food. 

S 

g 
0 

'3 

'C 

Is 

03 

A 

11 

0 

0 

0 

fc 

"5 
xj 

< 

0    tn 

XI 

M 

.—1 

ti'O 

3 

11 

-2 
0 

u 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

3340 

Beef,  -         -    .     - 

240 

88 

13.0 

Br 

7 

— 

2 

526 

3341 

Butter,          .         -         .         . 

80 

71 

.2 

I 

70 

— 

2 

647 

3344 

Milk, 

2000 

282 

12.4 

78 

100 

104 

14 

1762 

3346 

Bread,          .... 

2200 

1242 

27.9 

158 

35 

1049 

20 

5760 

3305 

Ginger  snaps, 

340 

3i» 

3.b 

20 

19 

279 

8 

1470 

3347 

Shredded  wheat,  - 

320 

290 

5.6 

32 

4 

254 

4 

1296 

3348 

Cereal  coffee. 

4800 

.SI 

■,S 

3 

— 

48 

— 

221 

3258 

Milk  sugar,           ... 

400 

380 

— 

— 

380 

— 

1488 

— 

Sugar,           .         -         .         . 

960 

960 

— 

— 

— 

960 

— 

3801 

3303 

Graham  crackers, 

Total,     .... 

400 

37« 

6.2 

36 

44 

298 

12 

1869 

1 1 740 

4060 

69.4 

409 

279 

3372 

62 

18840 

3351 

Feces,           .... 
Urine,          .... 
Amount  available, 

894 

137 

10.7 

t)7 

14 

5b 

20 

795 
579 

— 

3923 

58.7 

342 

265 

3316 

42 

17466 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,   - 

96.6 

84.6 

83.6 

95.0 

98.3 

67.8 

92.7 

During  this  experiment  the  subject  eliminated  6425.9  grams 
urine,  containing  64.3  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
17.4  grams;  outgo  in  urine  and  perspiration,  16.3  grams,  and 
in  feces,  2.7  grams;  implying  a  loss  of  1.6  grams  nitrogen,  cor- 
responding to  10. o  grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.   205. 

This  experiment  was  part  of  metabolism  experiment  No.  48, 
a  work  experiment  with  an  excess  of  fat  in  the  diet.  It  began 
with  breakfast  May  11,  1901,  and  continued  one  day.  The 
subject,  J.  C.  W.,  weighed  79.5  kilos  at  the  beginning  and 
78.8  kilos  at  the  end. 

Table  126. 
Digestion  experiment  No.  20^. 


.-; 

OJ 

a 

p. 

s 

Kind  of  Food. 

a 

5 

0 

15 

0) 

la 

.c 

0 

iS 

0 

2 

u* 

0 

J3 

<; 

0  t. 

oti 

J2 

ca 

^-I'O 

0 

0 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

3340 

Beef,       ----- 

35 

13 

1-9 

12 

I 

— 

— 

77 

3341 

Butter,    ----- 

245 

217 

.5 

3 

214 

— 

7 

1981 

334S 

Milk,       ----- 

1405 

Iq8 

8.7 

55 

67 

7b 

ID 

1228 

3346 

Bread,     

350 

198 

4.5 

25 

b 

167 

3 

91b 

3305 

Ginger  snaps,           -         .         - 

bo 

515 

.b 

3 

3 

49 

1 

259 

3347 

Shredded  wheat,      -         -         - 

40 

37 

■  7 

4 

I 

32 

— 

ib2 

3348 

Cereal  coffee,  -         -         -         - 

1200 

13 

.1 

I 

— 

12 

— 

55 

Sugar,     -         -         -         -         - 
Total,         -         -         -         - 

45 

45 

— 

— 

— 

45 

21 

178 

3380 

7716 

17.0 

103 

292 

381 

4856 

3352 

Feces,     ----- 

Urine, 

Amount  available,  - 

239 

3S 

2.0 

12 

13 

13 

8 

280 
ib2 

738 

15-0 

91 

279 

368 

13 

4414 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability. 

95.1 

88.2 

88.2 

95.6 

96. b 

bi.9 

90.9 

During  this  experiment  the  subject  eliminated  141 7.9  grams 
urine,  containing  17.2  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
17.0  grams;  outgo  in  urine,  17.4  grams,  and  in  feces,  2.0 
grams;  implying  a  loss  of  2.4  grams  nitrogen,  corresponding  to 
15.0  grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.   302. 

This  experiment,  which  was  preHminary  to  metaboHsm  ex- 
periment No.  49,  began  with  breakfast  March  23,  1902,  and 
continued  four  days.  During  the  experiment  the  subject  per- 
formed a  regular  amount  of  muscular  work  every  day.  The 
weight  of  the  subject,  J.  C.  W.,  in  luiderclothes  was  80.4  kilos 
at  the  end  of  the  experiment. 

Table  127. 
Digestion  experhnent  No.  J02. 


6 

01 

a 
0 

ft 
S 

u 

V 

g 

d 

11 

^ 

s 

<u 

'-' 

i-< 

"2  0 

„• 

Kind  of  Food. 

s 

^ 

V 

cS 

;>. 

fl" 

C'S 

iz; 

0 

M 

fe 

J5 
0 

< 

0  " 

,a 

0 

z; 

°tl 

3 

'S 

0 

U 

cd . 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

3418 

Butter,          ...         - 

80 

71 

.2 

I 

70 

— 

2 

646 

3423 

Milk,  -         -   '      - 

4000 

516 

21.6 

136 

164 

216 

28 

3120 

3419 

Bread,          .         .         .         . 

2200 

1256 

33.0 

189 

40 

1027 

29 

5815 

3420 

Ginger  snaps, 

340 

310 

3-7 

21 

21 

268 

II 

1449 

3421 

Shredded  wheat,  -         -         . 

320 

288 

5-9 

34 

4 

250 

6 

1282 

3422 

Graham  crackers, 

400 

376 

5.. 5 

31 

46 

299 

II 

1841 

325H 

Milk  sugar,           ... 

400 

380 

— 

380 

— 

1488 

Sugar,           .... 

1440 

1440 

— 

— 

— 

1440 

— 

5702 

3425 

Cereal  coffee,        ... 
Total,     .... 

4800 

34 

•  5 

5 

— 

29 

— 

154 

13980 

4671 

70.4 

417 

345 

3909 

87 

21497 

3427 

Feces,          .         .         .        . 
Urine,           .... 
Amount  available. 

887 

143 

9.9 

62 

19 

62 

24 

792 
547 

— 

4528 

60.5 

355 

326 

3847 

63 

20158 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,  - 

97.0 

85.9 

85.1 

94-593.7 

72.4 

93.8 

During  this  experiment  the  subject  ehminated  4603.3  grams 
urine,  containing  63.9  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
17.6  grams;  outgo  in  urine,  16.0  grams,  and  in  feces,  2.5 
grams;  implying  a  loss  of  .9  gram  nitrogen,  corresponding  to 
5.6  grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.  303. 
This  experiment  was  a  part  of  metabolism  experiment  No. 
49,  a  work  experiment  with  an  excess  of  carbohydrates  in  the 
diet.  It  began  with  breakfast  March  27,  1902,  and  continued 
three  daj's.  The  subject,  J.  C.  W.,  weighed- in  underclothes 
at  the  beginning  of  the  experiment  80.4  kilos  and  at  the  end 
80.7  kilos. 

Table  128. 
Digestion  experiment  No.  joj . 


<u 

.2 

uj 

0 

a 

CO 
05 

Kind  of  Food. 

•*-» 
2 

0 

'S 

n 

V 

M 
0 

C3 

2 

A 

'1 

0  a 

0 

'A 

0 

0 

■g 

fc 

fe 

0 

< 

0  ti 

.D 

.^ 

*JT3 

ca 

V 

aj 

U 

^- 

^ 

0 

w 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

3418 

Butter,          ...         - 

60 

54 

.1 

I 

53 

— 

I 

483 

3424 

Milk, 

30OG 

429 

19.5 

123 

150 

15b 

21 

2718 

34 1  q 

Bread, 

1650 

943 

24.7 

142 

30 

771 

22 

4362 

3420 

Ginger  snaps,       .         .         . 

255 

2.33 

2.8 

16 

lb 

201 

8 

1086 

3421 

Shredded  wheat,  -         -         - 

240 

216 

4.4 

25 

3 

188 

5 

960 

3422 

Graham  crackers, 

300 

282 

4-1 

23 

35 

224 

8 

1380 

32S8 

Milk  sugar,           ... 

300 

285 

— 

— 

— 

285 

— 

II16 

Sugar,          -         -         -         - 

1080 

1080 

— 

— 

1080 

— 

4278 

3425 

Cereal  coffee,        .         .         _ 
Total,     -         -         -         - 

3600 

24 

•  4 

2 

— 

22 

— 

114 

10485 

3546 

56.0 

332 

287 

2927 

65 

16497 

3427 

Feces,          .... 
Urine,          .... 
Amount  available. 

616 

89 

6.3 

39 

13 

37 

18 

51& 
405 

— 

3467 

49-7 

293 

274 

2890 

47 

15576 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,  - 

97.8 

88.8 

88.3 

95.5 

98.7 

72.3 

94.4 

During  this  experiment  the  subject  eliminated  7006.4  grams 
urine,  containing  46.4  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
18.7  grams;  outgo  in  urine  and  perspiration,  16.  i  grams,  and 
in  feces,  2.1  grams;  implying  a  gain  of  .5  gram  nitrogen,  cor- 
responding to  2.9  grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.   304. 

This  experiment  was  a  part  of  metabolism  experiment  No. 
50,  which  began  with  breakfast  March  30,  1902,  and  continued 
one  day.  It  was  planned  to  be  a  work  experiment  with  an 
excess  of  fat  in  the  form  of  butter  in  the  diet,  but  as  the  digest- 
ive apparatus  of  the  subject  became  deranged  onlj^  a  portion  of 
the  ration  intended  for  the  day  was  consumed.  The  weight  of 
the  subject,  J.  C.  W.,  in  underclothes  was  80.7  kilos  at  the 
beginning  and  79. 8  kilos  at  the  end. 


Table  129. 
Digestion  experimeyit  No.  jo_/.. 


6 

. 

"3 

(LI 

a 
0 

P. 

s 

0 

a 

s 

2^ 

Kind  of  Food. 

a 
ha 

0 

<u 

ta 

-a 

A 

e-S 

^ 

0 

P^ 

fe 

0 

< 

.c 

0 

^ 

.0 

o-J) 

.0 

M 

^H 

0 

0 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

34t8 

Butter,        -         .         -         - 

94.6 

84 

.2 

I 

83 

— 

2 

763 

3424 

Milk,          -         -         .         - 

925.0 

132 

6.0 

38 

46 

48 

6 

838 

3419 

Bread,        .         .         .         . 

220.0 

126 

3-3 

19 

4 

103 

3 

S8i 

3420 

Ginger  snaps,     - 

60.0 

.S.5 

■7 

4 

4 

47 

2 

256 

3421 

Shredded  wheat, 

13.0 

II 

_  2 

I 

— 

10 

— 

52 

— 

Sugar,         -         .          -          . 

22.8 

23 

— 

— 

— 

23 

— 

90 

342,5 

Cereal  coffee, 

400.0 

2 

.1 

— 

— 

2 

— 

13 

— 

Beef  tea,    -         -         .         - 
Total,  -         -         -         - 

294.2 

2 

.6 

2 

— 

— 

I 

8 

2029.6 

43. S 

II. I 

6.S 

137 

233 

14 

2601 

3429 

Feces,         .         .         .         . 
Urine,        .         -         -         . 
Amount  available. 

114. 8 

18 

1.2 

7 

4 

7 

4 

128 
118 

— 

417 

9.9 

58 

133 

226 

10 

2355 

7o 

% 

% 

% 

■% 

% 

% 

Coefficients  of  availability, 

— 

95-9 

89.2 

89.2 

97.1 

97-0 

71.4 

90.5 

During  this  experiment  the  subject  eliminated  168 1.7  grams 
urine,  containing  13.5  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
1 1. 1  grams;  outgo  in  urine  and  perspiration,  13.9  grams,  and 
in  feces,  1.2  grams;  implying  a  loss  of  4.0  grams  nitrogen,  cor- 
responding to  25.2  grams  protein. 

16 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.  305. 
This  experiment  was  preliminary  to  metabolism  experiment 
No.  52,  a  work  experiment  with  an  excess  of  fat  in  the  diet. 
It  began  with  breakfast  April  17,  1902,  and  continued  four 
days.  The  weight  of  the  subject,  J.  C.  W.,  in  underclothes  at 
the  end  of  the  experiment  was  79.8  kilos. 

Table  130. 
Digestion  experime7it  No.  30^. 


V-" 

rt 

6 

S 

•2 

P. 

a 

ca 
to 

Kind  of  Food. 

a 

'3 

M 
0 

0' 

^ 

X 

sa 

0 

0 

be 

u 
0 

'g 

u 

fe 

■^ 

•? 

< 

otl 

a 

6 

i-f 

^ 

0 

W 

Cms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

'^4'^i 

Butter,         .         -         -         - 

180 

158 

•4 

2 

156 

— 

5 

1460 

'^4'^Q 

Cream,         .         .         .         . 

3320 

1026 

13.3 

83 

800 

143 

17 

8542 

•^4'^S 

Milk, 

4000 

500 

21.6 

132 

16S 

200 

32 

3032 

•^432 

Bread,          .         .         .         . 

1760 

•983 

25.7 

146 

26 

Sii 

18 

4585 

':i420 

Ginger  snaps,       -         -         - 

240 

219 

2.6 

15 

15 

189 

8 

1023 

■^421 

Shredded  wheat,  -         -         - 

160 

144 

2.9 

17 

2 

125 

3 

641 

Sugar,          -         .         -         - 

180 

180 

— 

— 

180 

— 

713 

.3434 

Cereal  coffee,       .         .         . 
Total,     -         -         -         - 

4800 

31 

•  4 

2 

— 

29 

— 

134 

14640 

3241 

66.9 

397 

II67 

1677 

83 

20130 

3442 

Feces,          ...        - 

Urine,          .... 
Amount  available, 

556 

102 

5.3 

33 

23 

46 

23 

744 

532 

— 

3139 

61.6 

364 

1 144 

1631 

60 

18854 

% 

% 

% 

% 

% 

% 

7o 

Coefficients  of  availability,  - 

96.8 

92.1 

91-7 

98.0 

97.2 

72.3 

93-7 

During  this  experiment  the  subject  eliminated  3943.1  grams 
urine,  containing  64.2  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food,  16.7 
grams;  outgo  in  urine,  16.  i  grams,  and  in  feces,  1.3  grams; 
implying  a  loss  of  .7  gram  nitrogen,  corresponding  to  4.4  grams 
protein. 


DIGESTIBILITY  AND  AVAILABILITY  OF  FOOD.  23 1 

DETAILS  OF  DIGESTION  EXPERIMENT  NO.   306. 

This  experiment,  a  part  of  metabolism  experiment  No.  52,  a 
work  experiment  with  an  excess  of  fat  in  the  diet,  began  with 
breakfast  April  21,  1902,  and  continued  three  da5-s.  The 
weight  of  the  subject,  J.  C.  W.,  in  underclothes  was  79.8  kilos 
at  the  beginning  and  79.4  kilos  at  the  end. 

Table  131. 
Digestio7i  experiment  N'o.  306. 


I.; 

a 

u 

.2 

«; 

0 

a 

in 

Kind  of  Food. 

a 

a 

'3 

J* 

M 
0 

'C 

ca 

CO 

u 

A 

II 

0  d 

% 

0 

M 

0 

'9, 

flH 

0 

< 

0  1- 
•"id 

J^ 

M 

._, 

-M  'rt 

0 

0 

Cms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

3431 

Butter,          .         -         .         . 

135 

liq 

•  3 

2 

117 

— 

4 

1095 

3440 

Cream,         .         -         .         . 

3380 

Qq4 

13.8 

88 

727 

179 

20 

7847 

3436 

Milk,  whole, 

2550 

346 

15.3 

94 

125 

127 

20 

2162 

3432 

Bread,           -         -         .         . 

1320 

738 

iq-3 

no 

20 

608 

13 

3439 

3420 

Ginger  snaps,       .         .         . 

180 

164 

i-q 

II 

II 

142 

6 

767 

3421 

Shredded  wheat, 

120 

109 

2.2 

13 

2 

94 

2 

481 

— 

Sugar,           -         .         .          . 

135 

135 

— 

— 



135 

— 

535 

3434 

Cereal  coffee,        .         .         _ 
Total,     -         -         -         - 

3600 

23 

•  3 

I 



22 

— 

lOI 

[1420 

2628 

53-1 

319 

1002 

1307 

65 

16427 

3443 

Feces,          .         .         .         . 

703 

8q 

4-7 

30|     i8|     43 

23 

684 

Urine,           .          .         .         . 
Amount  available. 

— 

— 

— 



— 

— 

383 

— 

2539 

48.4 

289 

984 

1264 

42 

15360 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,   - 

— 

96.6  9 1. 1 

90.6 

98.2 

96.7 

64.6 

93-5 

During  this  experiment  the  subject  eliminated  5421,5  grams 
urine,  containing  48.0  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food, 
17.7  grams;  outgo  in  urine  and  perspiration,  16.4  grams,  and 
in  feces,  1.6  grams;  implying  a  loss  of  .3  gram  nitrogen,  corre- 
sponding to  2.1  grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.   307. 

This  experiment,  forming  part  of  metabolism  experiment 
No.  53,  a  work  experiment  with  an  excess  of  carbohydrates  in 
the  diet,  began  with  breakfast  April  24,  1902,  and  continued 
three  days.  The  weight  of  the  subject,  J.  C.  W. ,  in  under- 
clothes was  79.4  kilos  at  the  beginning  and  80.2  kilos  at  the  end. 

Table  132. 
Digestion  experiment  No.  joy. 


a 

d 

Kind  of  Food. 

.2 

'u 

g 
0 

'a 
a 

'3 

0 

a 
i' 
0 

0" 
'C 
0 

la 
ft 

-a 
0 

to 

< 

n 
1.2 

13 
0 

c5 
0 

1sS 

V 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

3431 

Butter,          -         -         .         . 

60 

53 

.1 

I 

52 

— 

2 

486 

3437 

Milk, 

3000 

402 

17-4 

108 

153 

141 

24 

2514 

3433 

Bread,          .         .         .         . 

1650 

947 

24.8 

140 

28 

779 

17 

4395 

3420 

Ginger  snaps, 

255 

233 

2.8 

16 

16 

201 

8 

1086 

3422 

Graham  crackers, 

300 

282 

4.1 

23 

3S 

224 

8 

1380 

3421 

Shredded  wheat,  -         -         - 

240 

216 

4-4 

25 

3 

188 

5 

960 

— 

Sugar,          .... 

IIIO 

IIIO 

— 

— 

— 

IIIO 

— 

4395 

3258 

Milk  sugar,            ... 

300 

28s 

— 

— 

— 

285 

— 

1116 

3434 

Cereal  coffee,        ... 
Total,     .... 

3600 

23 

.2 

2 

— 

21 

— 

102 

10515 

3551 

53.8 

315 

287 

2949 

64 

16434 

3444 

Feces,          -        -         ... 
Urine,          .... 
Amount  available. 

761 

106 

7.0 

44 

19 

43 

20 

654 

383 

■— 

3445 

46.8 

271 

268 

2906 

44 

15400 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,  - 

97.0 

87.0 

86.0 

93-4 

98.5 

68.8 

93-7 

During  this  experiment  the  subject  eliminated  3621.4  grams 
urine,  containing  44.6  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food,  17.9 
grams;  outgo  in  urine  and  perspiration,  15.4  grams,  and  in 
feces,  2.3  grams;  implying  a  gain  of  .2  gram  nitrogen,  corre- 
sponding to  1.3  grams  protein. 
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DETAILS  OF  DIGESTION  EXPERIMENT  NO.   308. 

This  experiment  which  forms  a  part  of  both  metabohsm  ex- 
periments 54  and  55,  began  with  breakfast  April  27,  1902,  and 
continued  four  days.  These  were  both  work  experiments  with 
an  excess  of  fat  in  the  diet,  but  No.  55  comprised  one  day  of 
work  that  was  much  harder  than  usual,  and  continued  at  least 
twice  as  long.  The  weight  of  the  subject,  J.  C.  W.,  in  under- 
clothes was  80.2  kilos  at  the  beginning  and  76.4  kilos  at  the 
end  of  the  experiments. 

Table  133. 
Digestion  experiment  No.  308. 


U 

j. 

Si 

0 

p. 

a 

4J 

s 

n 

rt 
u 

T3 

Kind  of  Food. 

t4-t 

c5 

0 

CC 

p>> 

Ul 

0  g 

0 

0 

0 

% 

u 

Pi 

fc 

A 
0 

<! 

0  u 

.Q 

M 

1— < 

-S'^ 

ca 

aj 

0 

H-T 

'^ 

5 

Gms 

Gms 

w 

Gms 

Gms 

Gms 

Gms 

Gms 

Cal. 

.3431 

Butter,          ...         - 

180 

158 

•4 

2 

156 

— 

5 

1460 

3441 

Cream,          .         .         -         - 

4205 

1320 

19-3 

122 

971 

227 

25 

10395 

3438 

Milk,  whole. 

3400 

493 

20.8 

129 

197 

167 

27 

2992 

3433 

Bread,          .         .         .         . 

1760 

ion 

26.4 

150 

30 

831 

18 

4688 

3420 

Ginger  snaps,       -         .         . 

240 

219 

2.6 

15 

15 

189 

8 

1024 

3421 

Shredded  wheat,  - 

160 

144 

3-0 

17 

2 

125 

3 

640 

Sugar,           -         -         .         - 

180 

180 

— 



— 

180 

— 

712 

3434 

Cereal  coffee,        ... 

4800 

31 

.3 

2 

— 

29 

— 

136 

Beef  tea,      -         -         -         - 
Total,     -         -         -         - 

300 

I 

•  4 

I 

— 

— 

— 

6 

15225 

3557 

73-2 

438 

1 37 1 

1748 

86 

22053 

3445 

Feces,          ...        - 
Urine,          .         -         -         . 
Amount  available. 

829 

132 

6.8 

42 

28 

62 

_32 

969 

540 

— 

3425 

66.4 

396 

1343 

1686 

54 

20544 

% 

% 

% 

% 

% 

% 

% 

Coefficients  of  availability,  - 

96-3 

90.7 

90.4 

98.0 

96.5 

62.8 

93-2 

During  this  experiment  the  subject  eliminated  7633.1  grams 
urine,  containing  67.2  grams  nitrogen.  The  average  nitrogen 
balance  per  day  was  therefore  as  follows:  Income  in  food,  18.3 
grams;  outgo  in  urine  and  perspiration,  17.4  grams,  and  in 
feces,  1.7  grams;  implying  a  loss  of  .8  gram  nitrogen,  corre- 
sponding to  5.0  grams  protein. 

The  results  of  the  digestion  experiments  are  summarized  in 
the  following  table. 
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Table  134. 
Stcmmary  of  results  of  digestion  experiments. 


6 

d 

0  fl 

to  -M 
V2    C 

d 

"3 

6 

to    r^ 

0  u 

Subject  and  Character  of 

'C 

aJ 

•a 

A 

bo 

in 

Experiment. 

a 

fc 

•§ 

< 

a 

5^ 

tj  s 

Ph 

.Q 

W 

u 

0 

Preliminary  Period. 

Rest  experi??ients. 

fo 

% 

cf 
/o 

% 

% 

37 

5 

E.  0.,         -----         - 

92.6 

94.0 

98.0 

75.2 

90.0 

43 

8 

E.  0.,         -----         - 

91.0 

94-4 

97 

4 

73-1 

89.9 

45 

9 

E.  0., 

90.8 

92.1 

95 

8 

73-0 

88.5 

76 

13 

E.  0.,         -----        - 

96.8 

96.3 

98 

9 

86.5 

93-1 

78 

14 

E.  0.,         -----        - 

92.0 

93-4 

98 

5 

79-1 

9T.1 

Average  (5)  E.  0., 

92.6 

94.0 

97 

7 

77.4 

90.5 

147 

25 

J.  F.  S.,      - 

93.9 

96.8 

97 

7 

69.8 

91.7 

149 

26 

J.  F.  S.,  fat  diet,         .         -         -         . 

88.6 

94-1 

95 

7 

44-4 

87.5 

Average  (2)  J.  F.  S.,      - 

91.3 

95.4 

96 

7 

57.1 

89.6 

i8q 

35 

J.  c.  w., 

93.1 

96.4 

98 

4 

77.6 

87.4 

Average  (8)  E.  O.J.  F.  S.J.  C.  W., 

92.4 

94.7 

97 

6 

72.3 

89.9 

Work  experiments . 

39 

6 

E.  0.,         -----        - 

89.9 

95.3 

97.6 

72.6 

91 .2 

49 

II 

E.  0.,         -----        - 

90.3 

93-2 

97.8 

74-4 

91.4 

Average  (2)  E.  O.,  -         -         - 

90.1 

94.2 

97.7 

73.5 

91.3 

153 

29 

y.  F.  S.,  carbohydrate  diet. 

94-3 

96.4 

98.7 

76-3 

93-2 

157 

32 

J.  F.  S.,  fat  diet,         .         .         .         . 

90.4 

95.7 

96.8 

69.9 

91 .0 

Average  (2)  J.  F.  S., 

92.3 

96.1 

97.8 

73.1 

92.1 

192 

37 

J.  C.  W.,  carbohydrate  diet. 

90.6 

96.6 

98.6 

80.0 

90.7 

195 

40 

J.  C.  W.,  carbohydrate  diet, 

86.7 

93-5 

98.0 

71. 1 

91.8 

1 9-8 

43 

T.  C.  W.,  fat  diet,       -        .        .        . 

87.3 

96.6 

96.0 

62.5 

91.7 

202 

46 

J.  C.  W.,  fat  diet,        .         -         .         . 

87.5 

95-3 

97.8 

69.9 

92.1 

302 

49 

J.  C.  W. ,  carbohydrate  diet. 

85.1 

94-5 

93-7 

72.4 

93.8 

305 

52 

J.  C.  W.,  fat  diet,        -         - 

91.7 

98.0 

97.2 

72.3 

93-7 

Average  (6)  J.  C.  W.,      - 

88.2 

95.8 

96.9 

71.4 

92.3 

Average  (10)  E.  O.,  J.  F.  S.,  J.  C.  W., 

89.4 

95.5 

97.2 

72.1 

92.1 

Average  all  (18)  preliminary  period, 

90.7 

95.1 

97.4 

72.2 

91.1 

Calorimeter  Period. 

Rest  experiifients. 

38 

5 

E.  0.,         -----         - 

91.2 

93-9 

97.7 

75.3 

89.8 

44 

8 

E.  0.. 

93.9 

95 

6 

98.2 

78.7 

90.7 

46 

9 

E.  0.,         -----         - 

93.4 

93 

9 

96.5 

78.9 

89-3 

77 

13 

E.  0.,         -----         - 

93-9 

93 

2 

98.1 

76.4 

90.2 

79 

14 

E.  0., 

94-4 

95 

5 

98.9 

86.2 

91. 1 

84 

23 

E.  0.,         -----         - 

94-3 

94 

7 

97.8 

70.0 

90.0 

85 

24 

E.  0.,  carbohydrate  diet,    - 

93.3 

93 

7 

98.  q 

74-0 

91.8 

Average  (7),     - 

93.5 

94 

4 

98.0 

77.1 

90.4 

148 

25 

J.  F.  S.,  fat  diet,         .         -         .         . 

94-4 

97 

4 

97.4 

71.4 

91. r 

150 

26 

J.  F.  S.,  fat  diet,         .         .         .         . 

92.8 

97 

2 

97.3 

66.0 

90.6 

152 

28 

J.  F.  S.,  carbohydrate  diet, 

92.0 

90 

I 

98.6 

69.0 

90.4 

Average  (3),     - 

93.1 

94 

9 

97.8 

68.8 

90.7 

190 

35 

J.  c.  w.,  -      -      -  ■    - 

92.1 

95 

3 

97.8 

69.4 

90.3 

Average(ii)E.  0.,  J.  F.  S.,J.C.  W., 

93.2 

94 

6 

97.9 

74.1 

90.5 
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Table  i  34. — (  Continued. ) 


6 

d 

en 

J\ 

ft 

1^ 

0  g 

0  V 

J2   S 

.Subject  and  Character  of 

OJ 

u 

bfn; 

■   rt.n 

Experiment. 

2 

fa 

0 

<! 

a 

V>  i» 

D    01 

P4 

.c 

W 

.g  ft 

u 

0 

Calorimeter  Period. 

Work  experiments. 

% 

io 

i 

% 

% 

40 

6 

E.  0., 

91.8 

96.9 

98.3 

79.8 

92.8 

50 

II 

E.  0.,         -----         - 

88.4  93.0 

97.5 

71.8 

90.9 

Average  (2),    - 

giD.194.9 

97.9 

75.8 

91.9 

154 

29 

T.  F.  S.,  carbohydrate  diet. 

94-5 

97.2 

98.7 

80.0 

93.5 

156 

31 

J.  F.  S.,  fat  diet,         -         .         .         - 

94.8 

98.3 

98.2 

80.4 

93.7 

158 

32 

J.  F.  S.,  fat  diet,         .         .         .         . 

92.5 

97.1 

97-4 

73.2 

92.5 

160 

34 

J.  F.  S.,  carbohydrate  diet, 

92.4 

95.0 

98.4 

68.6 

92.8 

Average  (4),     - 

93.596.9 

98.2 

75.6 

93.1 

193 

37 

J.  C.  W.,  carbohydrate  diet, 

90.1,94.2 

98.8 

69.4 

93.0 

194 

38 

J.  C.  W.,  fat  diet,        -         .         .         - 

92.7196.7 

97.4 

67.5 

91.7 

1 96 

40 

J.  C.  W.,  carbohydrate  diet, 

87.091.7 

98.5 

70.3 

92.8 

197 

41 

[.  C.  W.,  fat  diet,        -         .         -         . 

91.2  96.1 

96.8 

67.1 

91.4 

199 

43 

J.  C.  W,,  fat  diet,        -         -         -         - 

87.897.4 

96.8 

69.6 

92.3 

200 

44 

J.  C.  W.,  carbohydrate  diet. 

84.5  94.0 

98.6 

72.5 

93.3 

201 

45 

J.  C.  W.,  fat  diet,        -         .         .         . 

86.7197-.2 

96.2 

68.2 

91.7 

203 

46 

J.  C.  W.,  fat  diet,        .         -         -         - 

89.i!96.4 

97.8 

70.5 

92.6 

204 

47 

T.  C.  W.,  carbohydrate  diet. 

83.6I95.0 

98.3 

67.8 

92.7 

205 

48 

j.  C.  W.,  fat  diet,        .         -         -         - 

88.2 

95-6 

96.6 

61.9 

90.9 

303 

49 

J.  C.  W.,  carbohydrate  diet. 

88.3 

95.5 

98.7 

72.3 

94.4 

304 

50 

T.  C.  W.,    ------ 

89.2 

97.1 

97.0 

71.4 

90.5 

306 

52 

J.  C.  W.,  fat  diet,        -         .         .         - 

90.6  98.2 

96.7 

64.6 

93.5 

307 

53 

J.  C.  W»,  carbohydrate  diet, 

86.093.4 

98.5 

68.8 

93;  7 

30S 

54-55 

J.  C.  W.,  fat  diet,        -         .         .         - 

90.4  98.0 

96.5 

62.8 

93.2 

Average  (15),  - 

88.495.8 

97.5 

68.3 

92.5 

Average  (21)  E.  O.,  J.  F.  S.,  J.  C.  W., 

89.595.9 

57.7 

70.4 

92.6 

Average  all  (32)  calorimeter  period, 

90.895.5 

97.8 

71.7 

91.9 

Av.  all  (50)  prelim,  and  calor.  periods, 

90.895.3 

97.6 

71.9 

91.6 

The  digestion  experiments  are  arranged  here  in  two  groups, 
according  to  whether  thej^  were  carried  on  during  the  prehm- 
inary  period,  while  the  subject  was  still  going  about  outside 
the  apparatus,  or  during  the  period  of  the  metabolism  experi- 
ment while  the  subject  was  within  the  respiration  calorimeter. 
Under  these  two  main  divisions  the  results  are  still  further 
classified  as  rest  and  work  experiments,  which  are  given  sepa- 
rately for  each  subject.  The  experiments  designated  by  "car- 
bohydrate diet"  and  "fat  diet"  were  those  in  which  large 
quantities  of  fat  or  carbohydrates  were  used,  as  explained  in  a 
later  paragraph. 
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It  will  be  observed  that  there  is  not  a  preliminary  experi- 
ment for  each  metabolism  experiment.  The  reason  for  this  is 
that  the  metabolism  experiments  following  No.  14  were  made 
in  series,  with  a  preliminary  period  for  the  series  rather  than 
for  each  experiment;  that  is,  there  was  a  preliminary  diges- 
tion period,  after  which  the  subject  entered  the  respiration 
calorimeter  and  remained  there  for  nine  to  twelve  days  consec- 
utively, and  this  latter  period  was  divided  into  two  or  more 
metabolism  experiments,  each  with  its  digestion  experiment. 
This  explains  why  the  total  number  of  experiments  for  the  cal- 
orimeter period  is  larger  than  that  for  the  preliminarj^  period. 

Effect  of  confi7ienient  within  the  calorimeter  upo?i  availability . — 
The  averages  of  the  results  of  experiments  within  the  calorim- 
eter are  compared  with  those  of  experiments  outside  the  calo- 
rimeter in  the  table  below.  The  rest  experiments  and  the  work 
experiments  are  given  separately  for  the  different  subjects. 


Comparison  of  results  of  experhnents  dtiring  preliminary  periods 
with  those  of  experiments  during  calorimeter  periods^. 


d 

0 

-a 
% 

u 
cd 
0 

Rest  experiments. 

% 

io 

% 

fo 

E.  0.,  preliminar}^  period  (average  of  5),    - 

g2.6 

94.0 

97-7 

90.5 

E.  0.,  calorimeter  period  (average  of  7),    - 

93-5 

94 

4 

98 

0 

90.4 

J.  F.  S.,  preliminary  period  (average  of  2), 

91-3 

95 

4 

96 

7 

89.6 

J.  F.  S.,  calorimeter  period  (average  of  3), 

93-1 

94 

9 

97 

8 

90.7 

J.  C.  W.,  preliminary  period  (i),        ... 

93.1 

96 

4 

98 

4 

87.4 

J.  C.  W.,  calorimeter  period  (i),          ... 

92.1 

95 

3 

97 

8 

90-3 

Average  8  preliminary,         .... 

92.4 

94 

7 

97 

6 

89.9 

Average  11  calorimeter,       .... 

93.2 

94 

6 

97 

9 

90.5 

Work  experiments. 

E.  0.,  preliminary  period  (average  of  2),    - 

90.1 

94.2 

97.7 

91-3 

E.  0.,  calorimeter  period  (average  of  2),     - 

90.1 

94.9 

97.9 

91.9 

J.  F.  S.,  preliminary  period  (average  of  2), 

92.3 

96.1 

97.8 

92.1 

J.  F.  S.,  calorimeter  period  (average  of  4), 

93-5 

96.9 

98.2 

93.1 

J.  C.  W.,  preliminary  period  (average  of  6), 

88.2 

95.8 

96.9 

92.3 

J.  C.  W.,  calorimeter  period  (average  of  15), 

88.4 

95.8 

97.5 

92.5 

Average  10  preliminary,       -         .         -         . 

89.4 

95.5 

97.2 

92.1 

Average  21  calorimeter,       .... 

89.5 

95.9 

97.7 

92.6 
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Apparent!}'  the  sojourn  within  the  calorimeter  had  httle  in- 
fluence upon  the  digestibiht}-  of  the  diet.  In  comparing  the 
results  of  the  different  experiments  with  the  same  subject, 
given  in  Table  134  above,  it  will  be  noticed  that  in  some  in- 
stances the  coefficients  were  smaller,  and  in  others  larger  in 
the  calorimeter  than  in  the  preliminar}^  period.  In  a  few  of 
the  experiments  the  differences  were  quite  appreciable,  but  in 
most  of  them  they  were  small;  and  generally  the  differences 
between  preliminary  and  calorimeter  periods  were  smaller  than 
those  between  two  experiments  in  the  same  period,  as  will  be 
seen  b}'  comparing  the  agreement  of  the  averages  in  the  above 
table  and  that  of  individual  experiments  of  Table  134.  The 
averages  for  the  preliminary  and  calorimeter  periods  for  the 
same  subject  w^ere  reasonably  close.  In  the  averages  of  all 
the  preliminary  experiments  with  all  these  subjects  and  all  the 
calorimeter  experiments  with  all  the  subjects,  the  differences 
are  practically  negligible.  That  is  to  say,  so  far  as  the  utiliz- 
ing of  the  food  was  concerned,  it  made  practically  no  difference 
whether  the  subject  was  confined  in  a  small  room  or  was  free 
to  move  about  without  limit. 

Infliie7ice  of  muscular  work  upon  availability . — The  experi- 
ments in  which  the  amount  of  muscular  activity  was  least  were 
the  rest  experiments  within  the  calorimeter.  In  these  the  sub- 
jects remained  as  quiet  as  they  could  during  the  greater  part  of 
the  time;  their  muscular  exercise  consisted  chiefly  of  that  in- 
volved in  writing,  taking  observations  of  body  temperature, 
etc.,  caring  for  food  and  excreta,  and  folding  or  unfolding  the 
chair,  table  or  bed  as  needed.  In  later  experiments  the  amount 
of  work  was  even  smaller  than  in  the  earlier  ones,  because  the 
subjects  dressed  onl}^  in  underclothing,  to  avoid  the  expendi- 
ture of  energy  involved  in  putting  on  and  taking  off  their 
outer  garments.  The  total  amount  of  work  performed  each 
day  during  the  rest  experiments  within  the  calorimeter  was 
far  less  than  that  of  a  man  at  any  ordinary  sedentary  occupation. 

During  the  days  preliminary  to  the  rest  experiments  within 
the  calorimeter  the  subjects  avoided  all  unnecessary  exertion, 
but  were  engaged  in  their  usual  occupations,  which  with  E.  O. 
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and  J.  F.  S.  was  that  of  the  chemical  laboratory,  and  with  J. 
C.  W.  was  that  of  a  college  student.  It  was  not  arduous  for 
any  of  them,  but  involved  more  or  less  walking  or  standing,  so 
that  the  amount  of  muscular  exercise  was  greater  than  during 
the  otherwise  similar  experiments  within  the  calorimeter.  In 
these  the  total  amount  of  work  done  in  a  day  would  be  at 
largest  equivalent  to  what  might  be  understood  as  that  of  a 
man  at  "  light  muscular  work." 

The  exercise  of  the  subjects  during  the  days  preliminary  to 
the  work  experiments  consisted  of  that  of  their  usual  occupa- 
tion and  in  addition  the  labor  involved  in  pedalling  the  sta- 
tionary bicycle  or  a  "  home  trainer ' '  a  certain  length  of  time 
within  doors,  or  in  long  walks  or  bicycle  rides  over  country 
roads.  The  total  amount  of  energy  expended  daily  during 
these  experiments  would  doubtless  be  equivalent  to  that  of  a 
man  at  "  light  to  moderate  muscular  work." 

In  the  work  experiments  within  the  calorimeter  the  subjects 
performed  all  the  duties  required  of  them  in  the  rest  experi- 
ments, and  besides  spent  eight  hours  each  day  operating  a 
bicycle  arranged  as  an  ergometer,  for  measuring  the  amount 
of  work  done.  This  was  perhaps  nearly  equivalent  to  that  of 
a  man  at  "  hard  work."  In  the  last  day  of  the  last  experiment 
(No.  308)  included  in  this  report  the  subject,  J.  C.  W., 
worked  much  harder  than  ordinarily  and  continued  the  work 
for  sixteen  hours. 

The  figures  in  Table  134  are  arranged  so  that  the  results 
with  each  subject  during  the  different  kinds  of  experiment 
may  be  easily  compared.  From  these  it  will  be  observed  that 
in  some  cases,  with  the  same  subject,  the  coefficients  of  avail- 
ability are  larger  where  the  work  is  less,  and  in  other  cases 
they  are  smaller.  The  differences  between  the  experiments 
with  different  amounts  of  work,  however,  are  generally  no 
larger  than  those  between  different  experiments  with  the  same 
quantity  of  exercise.  Compare,  for  instance,  the  results  in 
metabolism  experiment  No.  9  with  those  in  the  period  pre- 
liminary to  No.  9,  and  then  compare  the  results  in  experiments 
Nos.  9  and  13  in  the  preliminary  period,  or  Nos.  5  and  13  in 
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the  calorimeter  period.  In  the  majority  of  cases,  however,  the 
variations  of  the  individual  experiments  of  one  kind  with  any 
subject  from  the  average  of  all  the  experiments  of  that  kind 
with  the  same  subject  are  small.  In  like  manner  the  averages 
of  the  same  kind  of  experiments  vary  so  little  with  the  differ- 
ent subjects  that  all  the  experiments  of  one  kind  may  be  ar- 
ranged for  all  the  subjects  together,  and  the  averages  of  the 
different  kinds  of  experiments  may  be  compared  as  follows: 

Comparison  of  averages  of  results  of  experi7nents  with  different 
degrees  of  muscular  activity. 


Energy. 


Rest  experiments  within  the  calorimeter, 
Rest  experiments  outside  of  calorimeter, 
Work  experiments  outside  of  calorimeter, 
Work  experiments  within  the  calorimeter. 


Protein, 

Fat. 

Carbo- 
hydrates. 

% 

% 

% 

93-2 

94.6 

97-9 

92.4 

94.7 

97.6 

89.4 

95.5 

97.2 

89-5 

95-9 

97.7 

% 
90.5 

89.9 

92. 1 
92.6 


These  results  indicate  that  the  amount  of  work  performed 
had  no  effect  upon  the  availability  of  the  nutrients  of  the  diet. 
The  average  coefficients  of  availability  of  carbohydrates  are 
very  close  for  all  four  kinds  of  experiments;  those  for  fat  are  a 
very  little  larger  in  the  work  experiments  than  in  the  rest  ex- 
periments; those  for  protein  are  quite  noticeably  smaller  in  the 
work  experiments.  The  latter  difference  is  due,  however,  not 
to  the  increase  in  the  amount  of  work,  but  to  a  decrease  in  the 
amount  of  animal  protein  in  the  diet.  In  the  majority  of  the 
work  experiments  the  quantities  of  vegetable  foods  were  in- 
creased, and  the  proportion  of  the  protein  of  the  diet  supplied 
in  vegetable  foods  w-as  much  larger  than  in  the  rest  experi- 
ments. Because  of  the  lower  digestibility  of  the  vegetable 
protein,  it  would  be  expected  that  the  coefficients  found  for  the 
whole  diet  would  be  smaller  than  in  the  experiments  in  which 
the  proportion  of  animal  protein  in  the  diet  was  larger.  This 
is  especiall}^  true  of  the  larger  part  of  the  experiments  follow- 
ing No.  195.  By  referring  to  Table  134,  it  will  be  observed 
that  these  are  the  ones  in  which  the  coefficients  of  availability 
of  protein  are  lowest. 
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Effect  of  fat  or  carbohydrates  upon  availability . — The  results 
of  the  different  experiments  in  which  sugar  or  fat  predomina- 
ted are  grouped  by  subjects  in  the  following  table: 

Table  135. 

Comparison  of  the  results  of  experime7its  with  siigar  diet 
and  with  fat  diet. 


6 

d 

<n 

.2  a 

0  ^ 

■2-C 

Subject  and  Kind  of 
Experiment. 

'v 

2 

0 

< 

1) 

"ta 
> 

Q  U 

V  V 

Ph 

.Q 

0 

^ 

i 

fo 

% 

% 

% 

147 

P25 

J.  F.  S.,  rest,  fat  diet, 

93.9196.897.7 

69.8 

91.7 

148 

25 

J.  F.  S.,  rest,  fat  diet. 

94.497.4 

97-4 

71.4 

91. 1 

149 

P    26 

J.  F.  S.,  rest,  fat  diet. 

88.694.1 

95.7 

44.4 

87.5 

150 

26 

J.  F.  S.,  rest,  fat  diet. 

92.8 

97.2 

97.3 

66.0 

90.6 

156 

P    32 

J.  F.  S.,  work,  fat  diet. 

90.4 

95.7 

96.8 

69.9 

91.0 

157 

31 

J.  F.  S.,  work,  fat  diet. 

94.8 

98.3 

98.2 

80.493.7 

158 

32 

J.  F.  S.,  work,  fat  diet,        ... 

92.597.1 

97.4i73-2|92.5 

Average  (7)  J.  F.  S., 

92.596.7 

97.2 

67.991.2 

194 

38 

T.  C.  W.,  work,  fat  diet,      - 

92.7 

96.7 

97-4 

67.5 

91.7 

197 

41 

J.  C.  W.,  work,  fat  diet,      - 

91.2 

96.1 

96.8 

67.1 

91.4 

198 

P43 

J.  C.  W.,  work,  fat  diet,      - 

87.3 

96.6 

96.0 

62.591.7 

199 

43 

[.  C.  W.,  work,  fat  diet,     - 

87.8 

97.4 

96.8  69.6  92.3 

201 

45 

t.  C.  W.,  work,  fat  diet,     - 

86.7 

97.2 

96.2j68.2  91.7 

202 

P46 

J.  C.  W.,  work,  fat  diet,     - 

87.5 

95.3 

97.8 

69.9 

92.1 

203 

46 

T.  C.  W.,  work,  fat  diet,      - 

89.1 

96.4 

97.8 

68.2 

91.7 

205 

48 

J.  C.  W.,  work,  fat  diet,     - 

88.2  95.6 

96.6 

61.9 

90.9 

305 

52 

J.  C.  W.,  work,  fat  diet,      - 

91.7,98.097.2 

72.3 

93-7 

308 

54-55 

J.  C.  W.,  work,  fat  diet. 

90. 4; 98. 0196. 5  62.8.93.2 

Average  (10)  J.  C.  W.,    - 

89. 396. 7,96. 9;67. 0192.0 

Average(i7)  J.  F.  S..  J.  C.  W.,       - 

90. 696. 7j97. 0,67.4:91. 7 

85 

24 

E.  0.,  rest,  carbohydrate  diet,     - 

93.393.7 

98.5 

74.0 

91.8 

152 

28 

J.  F.  S.,  rest,  carbohydrate  diet. 

92.0  90. 1 

98.6 

69.0 

90.4 

153 

P  29 

J.  F.  S.,  work,  carbohydrate  diet. 

94.396.4 

98.7 

76.3 

93.2 

154 

29 

J.  F.  S.,  work,  carbohydrate  diet. 

94.5197.2 

98.7 

8o.o|93.5 

160 

34 

J.  F.  S.,  work,  carbohydrate  diet. 

92.495.0 

98. 4^68. 692. 8 

Average  (4)  J.  F.  S., 

93.394.7:98.6,73.592.5 

192 

P37 

J.  C.  W.,  work,  carbohydrate  diet, 

90.6  96.6  98.6,80.0  90.7 

193 

37 

J.  C.  W.,  work,  carbohydrate  diet. 

90.1194.2 

98.8J69.4I93.0 

195 

P  40 

J.  C.  W.,  work,  carbohydrate  diet, 

86.793.5 

98.0 

71. 1  91.8 

196 

40 

J.  C.  W.,  work,  carbohydrate  diet, 

87.0191.7 

98.5 

70.3,92.8 

200 

44 

J.  C.  W.,  work,  carbohydrate  diet, 

84.5 

94.0 

98.6 

72.5 

93-3 

204 

47 

J.  C.  W.,  work,  carbohydrate  diet, 

83.6 

95.0 

98.3 

67.8 

92.7 

302 

P49 

J.  C.  W.,  work,  carbohydrate  diet, 

85.1 

94-5 

93.7 

72.4 

93.8 

303 

49 

J.  C.  W.,  work,  carbohydrate  diet. 

88.3 

95.5 

98.7 

72.3 

94.4 

307 

53 

J.  C.  W.,  work,  carbohydrate  diet, 

86. 0 

93.4I98.5 

68.8 

93.7 

Average  (9)  J.  C.  W., 

86.9 

94.3 

98.0 

71.6 

92.9 

Average  (14)  E.  0.,  J.  F.  S.,  J.  C.  W., 

89.1 

94.3 

98.2 

72.3 

92.7 
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It  has  been  commonly  supposed  that  if  the  quantity  of  any 
ingredient  of  the  diet  is  very  large  the  body  will  avail  itself  of 
a  smaller  proportion  than  if  the  total  quantity  consumed  is 
smaller.  In  a  number  of  the  metabolism  experiments  (those 
designated  by  ' '  fat  diet ' '  and  ' '  carbohydrate  diet ' '  in  Table 
134)  the  purpose  was  to  stud)^  the  value  of  different  nutrients 
as  sources  of  energy  to  the  body,  and  especially  to  compare  fat 
and  sugar  in  this  respect.  To  do  this,  the  dietwas  arranged 
so  that  the  amount  of  one  of  these  would  be  relatively  large 
and  that  of  the  other  relatively  small.  In  the  earlier  experi- 
ments this  was  accomplished  b}^  taking  out  of  the  diet  in  some 
cases  a  certain  quantity  of  fat,  and  substituting  for  it  enough 
of  sugar  to  supply  the  energy  removed,  or,  in  other  cases,  re- 
moving sugar  or  other  carbohydrates  from  the  diet  and  substi- 
tuting fat.  In  later  experiments,  more  particularly  those  with 
J.  C.  W.,  a  definite  basal  ration,  with  a  moderate  quantity  of 
both  fat  and  carbohydrates,  was  used,  and  to  this  was  added  a 
decidedly  large  quantity  of  sugar  in  some  cases  and  a  corre- 
sponding amount  of  fat  in  others.  In  other  words,  in  order 
to  make  the  comparative  tests  of  fat  and  sugar  effective,  the 
quantities  of  either  were  in  the  earlier  experiments  somewhat 
larger,  and  in  the  later  experiments  very  much  larger  than  in 
the  ordinary  diet.  In  all  cases  where  sugar  and  fat  were  thus 
compared  the  attempt  was  made  to  have  the  two  diets  as  nearly 
equivalent  in  available  energy  as  practicable. 

In  the  experiments  with  J.  F.  S.  on  a  fat  diet,  the  lowest  co- 
efficient of  availability  of  fat  was  94.1,  and  the  highest  98.3; 
in  the  average  of  seven  experiments  it  was  96.7.  In  similar 
experiments  with  J.  C.  W.,  the  lowest  coefficient  was  95.3, 
and  the  highest  98.0,  the  average  of  ten  experiments  being 
also  96.7. 

In  the  experiments  with  J.  F.  S.  on  a  carbohydrate  diet,  the 
lowest  coefficient  of  availability  of  carbohydrates  was  98.4,  and 
the  highest  98.7;  in  the  average  of  four  experiments  it  was 
98.6.  In  similar  experiments  with  J.  C.  W.,  the  lowest  co- 
efficient was  93.7,  but  this  was  the  only  case  in  which  it  was 
below  98.0;  the  highest  was  98.8,  and  the  average  of  nine  ex- 
periments it  was  98.0.  The  averages  of  all  the  experiments 
with  "  fat  diet  "  and  all  those  with  "  carbohydrate  diet  "  with 
both  subjects  are  summarized  below,  in  comparison  with  the 
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average  of  the  results  of  eighteen  experiments  with  the  same 
two  and  one  other  subject,  in  which  each  of  these  nutrients, 
though  varying  in  different  experiments,  was  in  no  case  espe- 
cially large. 

Comparison  of  results  of  '  fat  diet ' '   and  ' '  carbohydrate  diet ' ' 
with  those  of  ordinary  diet. 


Carbo- 
hydrates. 


Energy. 


Average  14  experiments  with  carboiiy- 

drate  diet,  .         .         -         .         - 

Average  17  experiments  with  fat  diet,   - 

Average  18  experiments  with   ordinary 

diet,  ------ 


89.1 
go.  6 

92.4 


94.3 
96.7 

94-5 


% 

98.2 
97.0 

97-9 


92.7 
91.7 

90.5 


The  average  coefficient  for  carbohydrates  is  very  slightly  in 
favor  of  the  diet  with  the  larger  quantity;  for  practical  pur- 
poses it  is  the  same  as  that  for  the  ordinary  diet.  In  the  case 
of  the  fat  the  difference  was  more  noticeably  in  favor  of  the 
diet  with  the  large  quantity;  that  is  to  say,  where  the  quantity 
of  fat  was  largest  in  these  experiments  the  coefficient  of  avail- 
ability was  greatest.  The  protein  in  the  diets  with  the  large 
quantities  of  fat  and  carboh^^d rates  was  less  available  than  in 
the  ordinary  diet.  This  is  due  more  probably  to  what  has 
already  been  pointed  out,  namely,  that  the  proportion  of  vege- 
table protein  in  the  diet  was  much  larger  in  the  former  experi- 
ments, than  to  any  effect  of  the  increase  in  the  quantity  of  one 
nutrient  in  the  diet  upon  the  availability  of  the  others.  In 
fact,  there  does  not  appear  to  have  been  any  such  effect;  the 
availability  of  the  fat  in  the  ration  with  the  large  amount  of 
carbohydrates  was  almost  identical  with  that  in  the  ordinary 
diet;  while  the  availability  of  the  carbohydrates  was  very 
nearly  as  large  in  the  diet  with  the  large  quantities  of  fat  as 
in  the  ordinary  ration. 

In  a  previous  report  of  this  station*  an  attempt  was  made  to 
establish  factors  for  the  digestibilit)^  of  the  nutrients  of  mixed 
diet  which  could  be  put  into  general  use.  The  results  of  some 
of  the  experiments  given  in  the  present  article  were  made  use 
of  there,   together  with  results  of  a  number  of  experiments 


*  Report  for  1899,  p.  86. 
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made  elsewhere.  The  factors  for  availabiht}^  of  the  nutrients 
of  total  food  of  mixed  diet  suggested  at  that  time  are  here 
compared  with  the  average  of  the  results  of  all  the  experi- 
ments included  in  the  present  report.  The  former  are  given 
in  round  numbers. 


Protein. 

Fat. 

Carbo- 
hydrates. 

Proposed  factors,       ----- 
Average  of  results  here  given,  -         -         - 

■% 

92.0 

90.8 

% 
95-0 
95-3 

% 
97.0 
97.6 

SUMMARY    AND    CONCLUSION. 

The  purpose  of  the  digestion  experiments  here  reported  was  to 
find  what  proportions  of  the  protei7i,  fats,  carbohydrates,  and 
energy  of  07'dinary  mixed  diet,  when  eaten  by  healthy  men,  were 
made  available  to  the  body.  The  7'-esults  for  the  differe?it  nu- 
trients were  found  by  comparing  the  quantity  of  each  in  the 
original  food  material  with  the  qua7itity  of  the  correspoiidiiig 
ingredie^it  in  the  intestinal  exc7'eta.  In  the  case  of  the  eneigy, 
that  of  the  u?ioxidized  material  of  the  urine  was  also  taken  into 
account.  The  results  expressed  i7i  percentages  are  take7i  as  the 
coefficie7its  of  availability . 

These  facto7's  a7'e  freque7itly  called  coefficients  of  digestibility. 
It  is  a  C0771771071  p7'actice  to  co7isider  the  solid  excreta  as  represe7it- 
i7ig  the  i7idigestible  portion  of  the  food.  This,  however,  is  7iot 
quite  accu7^ate,  because  the  feces  inchide,  besides  the  taidigested 
residues  of  food,  the  7'-esidues  of  digestive  juices,  a7id  other  77iate- 
rials,  so  that  the  amou7its  of  i7igredie7its  i7i  the  feces  are  la7ger 
tha7i  those  of  the  po7'tio7i  of  the  food  which  escapes  digestio7i,  a7id 
the  p7'op07iio7is  of  digestible  7iut7^ie7its  whe7i  calculated  fro7n  total 
food  a7id  total  feces  are  thus  77iade  too  s7/iall.  O71  the  other  ha7id, 
the  total  77iate7dal  of  the  feces  does  7'ep7^ese7it  that  which  was  U7i- 
available  to  the  body  for  the  two  chief  purposes  of  7iutritio7i,  the 
buildi7tg  of  tissue  a7id  the  yieldijig  of  e7ie7gy.  It  is  therefore 
i7iore  co7^rect  to  apply  the  te7'77i  availability  to  the  differe7ice  be- 
t7vee7i  food  a)id  feces.  But  while  this  ter77i  is  he7'e  prefe7'red ,  the 
term  digestibility  77iay  also  be  used  in  defe7^e7ice  to  co77i77io7i  cus- 
tom; so  lo7ig  as  the  77iea7ii7ig  is  clearly  u7ide7^stood  it  is  of  little 
i77ip07'ta7ice  which  te7'77i  is  e77iployed. 
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Fifty  digestion  experiments  are  here  reported.  These  wej'e 
made  with  three  different  subjects,  all  young,  active,  healthy  men, 
whose  digestive  powers  were  believed  to  be  tinimpaired.  The 
individual  experiments  were  generally  three  or  four  days  in 
leyigth,  though  a  few  were  07ily  one  day  and  one  was  eight  days. 
Eighteen  of  the  experiments  were  carried  07i  while  the  subjects 
were  outside  the  calorimeter,  and  thirty-two  formed  part  of  the 
metabolism  experiments  with  the  subjects  in  the  respiration  cham- 
ber. The  amounts  of  (external)  muscular  work  performed  by  the 
subjects  ra7iged  in  different  experiments  from  almost  none  to  hard 
work  eight  hoicrs  a  day,  and  i7i  one  experiment  sixteen  hours. 
The  diet  was  simple,  and  contained  a  7iumber  of  common  food 
inaterials,  both  afiimal  a7id  vegetable.  In  eightee7i  of  the  studies 
the  qua7itities  of  the  differe7it  7iutrie7its  were  about  the  sa7ne  as  i7i 
ordi7iary  diet,  hi  seve7itee7i  experiments  the  diet  contai7ied  large 
qua7itities  of  fat,  a7id  in  fourtee7i  large  qua7itities  of  carbohy- 
drates, though  the  e7ie7gy  i7i  these  cases  was  7iot  g7'eater  tha7i  was 
required  to  satisfy  the  7ieeds  of  the  body  under  the  conditio7is  of  the 
experi7ne7its. 

No  effect  of  i7idividuality  upon  the  availability  of  the  .7iut7'ie7its 
of  the  diet  is  evideiit.  With  each  subject  the  ra7ige  of  vaidation  in 
the  results  of  si77iilar  experii7ie7its  is  much  wider  than  the  differ- 
ences betwee7i  the  averages  of  si7nilar  experi77ie7its  with  different 
subjects. 

If  the  soJqur7i  within  the  calori77ieter  had  a7iy  infl7ie7ice  upon 
the  availability  of  the  diet,  it  was  to  i77iprove  it  very  slightly  i7t 
some  cases;  while  i7i  others  there  was  no  apparent  effect.  The  in- 
dividual experime7its  shozv  considerable  variation  i7i  the  restdts 
inside  and  outside  the  calori77ieter ,  the  availability  bei7ig  with  the 
same  subject  sometimes  larger  a7id  S077ieti77ies  S77ialler  i7iside  the 
calorimeter  than  outside.  Comparing  the  averages  of  the  7'esults 
for  all  the  prelimi7iary  periods  for  each  subject  with  those  for  the 
calori7neter  periods ,  the  coefficie7its  were  slightly  larger  zvith  E.  O. 
andf.  F.  S.  during  the  latter  period,  but  with  f.  C.  IV.  the  av- 
e7'age  results  were  practically  the  same  for  the  expe7^i7nents  zvithi7t 
the  calori7neter  as  for  those  outside. 

Increasing  the  quantity  of  either  carbohydrates  or  fat  above 
those  co77i7non  in  the  ordinary  diet  had  7io  effect  2cp07i  the  avail- 
ability of  the  other  nidrients  of  the  diet,  while  the  availability  of 
the  fat  or  the  carbohydrates  m  the  experime7its  i7i  zvhich  either 
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teas  used  in  large  quantities  ivas  as  large  as,  or  larger  than  in 
the  experiments  in  ivhich  the  quantities  n^ere  more  nearly  like 
those  in  the  ordinary  diet. 

In  these  experiments  more  or  less  severe  mnscidar  work  had  no 
apparent  effect  upon  the  availability  of  the  dijferent  nutrients  of 
the  diet.  It  made  practically  no  difference  whether  the  men  were 
as  quiet  as  possible,  or  zvere  engaged  in  very  light,  or  moderate, 
or  severe  musctdar  zuork,  the  proportions  of  ii7iavailable  material 
rejected  by  the  intestiiie  were  no  larger  in  one  case  than  in  the 
other.  That  is  to  say,  so  far  as  the  using  7ip  of  the  mUrients  of 
the  food  ivas  concerned,  the  amount  of  muscjdar  exercise  made  no 
appreciable  differejice. 

Although  the  number  of  experiments  is  large,  there  were  not 
enough  of  them,  nor  were  they  made  with  enough  different  sub- 
jects, nor  were  there  enough  kinds  and  combinations  of  food  ma- 
terials to  IV arrant  final  conchcsions  as  to  the  average  avuntnts  of 
niUrie^its  digested  from  ordinary  diet  by  healthy  men  in  general; 
at  the  same  time  the  agreement  of  the  residts  with  each  other  and 
with  those  of  other  experiments  implies  that  the  general  average 
is  not  very  far  from  an  indicatio7i  of  the  availability  of  the  nu- 
trie;its  of  mixed  diet  wheyi  eateji  by  people  in  good  health  under 
conditions  which  obtain  in  the  United  States.  Accordingly  it 
would  seem  that  we  shall  not  be  very  far  out  of  the  zvay  zVz  as- 
suming that  the  coefficients  of  availability  of  the  mUrients  of 
mixed  diet  are:  For  protein,  g2  per  cent.;  for  fat,  g^  per  cent., 
and  for  carbohydrates,  g'j  per  ce7it.  That  is  to  say,  these  figures 
may  be  taken  as  representing  very  nearly  the  p^^oportions  which 
are  actually  available  to  the  body  for  the  bidlding  of  tissue  and 
the  yielding  of  e7iergy . 

It  is  to  be  borne  in  mind,  however,  that  these  factors  depend 
considerably  upon  the  p7'oportions  of  a7iimal  a7id  vegetable  foods 
i?i  the  diet,  as  the  availability  of  the  7nitrients  is  differe7it  i7i  dif- 
ferent materials.  Thus,  the  protei7i  of  ani7)ial  foods,  like  7neat 
a7id  7)ulk,  is  7nore  co77ipletely  digested  and  tdilized  thaii  that  of 
most  vegetable  foods,  like  bea7is  or  potatoes.  The  availability  of 
the  p7vtei7i  of  77iixed  diet  will  the}'-efore  vary  accordi7ig  as  it  con- 
tai7is  a  larger  or  S7naller  propo7^tio7i  of  a7U77ial  food.  Roughly 
speaki7ig ,  however,  aboid  95-96  per  ce7it.  of  the  total  orga7nc  }nat- 
ter  a7id  gr-g2  per  ce7it.  of  the  total  e7iergy  of  ntixed  diet  will  be 
available.  To  put  it  in  a7iother  way,  the  body  7^ejects  abo7d  5  per 
ce7it.  of  the  7i2drients  a7id  about  g  per  ce7it.  of  the  ene7'-gy  of  its  food. 

17 
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METEOROLOGICAL  OBSERVATIONS  AT  STORRS 

AND  GENERAL  WEATHER  AND 

CROP  REVIEW. 

REPORTED  BY  C.  S.  PHELPS. 

The  Station  equipment  at  Storrs  for  meteorological  observa- 
tions consists  of  the  ordinary  instruments  for  determining  tem- 
peratures, pressure  of  the  air,  humidity,  rainfall  and  snowfall, 
similar  to  those  in  use  by  the  Weather  Bureau  of  the  United 
States  Department  of  Agriculture.  A  summary  of  the  obser- 
vations made  at  Storrs  is  given  in  Table  137. 

In  addition  to  the  records  made  at  Storrs,  the  rainfall  for  the 
summer  season  (May  i  to  October  31)  was  recorded  by  eight 
farmers  in  different  parts  of  the  State  in  cooperation  with  the 
Station.  These  measurements  are  given  in  Table  136,  together 
with  those  supplied  by  thirteen  stations  of  the  New  England 
Meteorological  Society. 

The  total  precipitation  for  the  year  as  recorded  at  Storrs  was 
66.5  inches.  This  is  the  heaviest  annual  precipitation  since 
the  Station  began  observations  in  1888,  being  about  19.5  inches 
above  the  average  (47.0  inches)  for  thirteen  years.  The  rain- 
fall was  exceptionally  heavy  during  January,  March,  April  and 
May  and  again  in  Jul}'  and  December.  The  early  part  of  the 
season  was  so  wet  and  cool  that  farm  work  was  greatly  delayed 
and  much  seed  rotted  in  the  ground.  The  seasons  for  plant- 
ing, cultivating  and  haying  were  crowded  upon  each  other  so 
closely  that  some  kinds  of  farm  work  had  to  be  neglected  in 
favor  of  the  most  important.  The  hay  crop  was  generally 
benefited  by  the  wet  season,  but  potatoes  were  nearly  a  failure, 
and  corn  was  considerably  damaged  on  many  fields.  Pastures 
continued  to  supply  good  feed  throughout  the  season,  so  that 
the  year  proved  to  be  a  favorable  one  for  the  dairy  farmer. 
From  the  table  of  rainfall  observations  reported  from  22  locali- 
ties in  the  State,  for  the  six  months  (May  i  to  October  31),  it 
will  be  noticed  that  the  average  rainfall  for  the  State  was  quite 
heavy  for  each  month  except  June. 
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The  average  temperatures  for  January  and  February  were 
slightly  below  the  normal  for  those  months  as  recorded  at 
Storrs,  the  weather  for  Februar)'  being  especiall}-  cold.  The 
temperature  for  March  was  about  normal  while  April  and  May 
were  cool  and  wet.  Frosts  were  not  ver}^  damaging,  yet  the 
generalh' cool  weather  checked  the  growth  of  most  of  the  crops. 
The  last  killing  frost  occurred  May  6,  although  the  damage  was 
not  ver}'  general.  June  was  warm  and  generally  favorable  for 
all  crops.  The  temperature  for  July  was  above  the  normal, 
while  that  in  August  was  about  the  average  for  the  month. 
Frost  held  off  well  in  the  fall,  the  first  to  do  much  damage  oc- 
curring September  26,  thus  giving  a  growing  season  of  142 
days  from  the  last  killing  frost  in  the  spring.  October  and 
November  were  generally  mild  and  especiallj^  favorable  for 
harvesting  crops  and  for  fall  plowing. 

The  following  general  review  of  the  crop  season,  given  in 
the  annual  summary  of  the  Climate  and  Crop  Service  of  the 
United  States  Weather  Bureau  for  New  England,  although 
pertaining  to  the  whole  section,  will,  in  the  main,  apply  very 
well  to  the  conditions  in  Connecticut. 

REVIEW  OF  THE  CROP  SEASON. 

The  crop  season  of  1901  opened  fully  as  early  as  usual  and  under  very 
favorable  conditions.  During  the  third  decade  of  March  the  snow  disappeared 
and  the  frost  left  the  ground  over  the  southern  half  of  the  section,  but  in  the 
northern  portion  there  was  much  snow  at  the  close  of  the  month,  ranging  from 
broken  patches  in  the  fields  to  four  feet  in  the  wooded  lands  and  the  mountains. 
The  large  amount  of  precipitation  during  March,  together  with  the  melting  of 
the  accumulated  snow,  furnished  an  abundance  of  water,  and  the  soil  was  in 
excellent  condition  at  the  opening  of  the  crop  season  as  regarded  moisture. 
The  reports  of  the  crop  correspondents  showed  that  winter  grain  and  grass  had 
wintered  well,  and  that  fruit  buds  were  in  a  healthy  condition.  By  the  close  of 
March  plowing  and  gardening  were  in  operation  in  Rhode  Island  and  southern 
Connecticut.  Growing  crops,  grass  and  winter  grain,  made  good  progress  dur- 
ing April,  and,  at  the  close  of  the  month,  pastures  and  meadow  fields  were 
green  and  vigorous  even  in  the  most  northern  sections  of  the  district,  and  an 
abundant  hay  crop  seemed  assured.  Much  early  gardening  was  done  during 
this  month  in  all  parts  of  the  New  England  States.  But  owing  to  the  wet  con- 
dition of  the  soil,  especially  in  the  low  lands,  spring  seeding  and  general  plant- 
ing were  delayed  and  were  backward.  The  season  was  unfavorable  to  maple 
sugar  and  this  crop  was  nearly  a  failure,  the  even  temperature  and  the  absence 
of  sunshine  being  unfavorable  to  a  free  flowing  of  the  sugar  sap.  Excepting 
grass  and  winter  grain,  crops  were  considered  backward  at  the  close  of  April. 
May,  generally  speaking,  was  not  a  good  month  for  farming  interests.     There 
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was  an  excess  of  rainfall  and  a  marked  deficiency  in  the  amount  of  sunshine. 
The  soil  was  too  wet  and  cold  for  growing  crops  and  for  the  germination  of 
planted  seed.  Grass  continued  in  a  promising  condition,  but  for  all  other  crops 
the  season  was  reported  late,  from  ten  days  to  a  fortnight  behind  the  average. 
There  was  little  improvement  till  after  the  loth  of  June.  The  warm,  sunny 
weather,  which  prevailed  after  that  date,  was  most  beneficial  to  all  growing 
crops;  planting  progressed  to  a  finish  and  hoeing  and  general  cultivation  were 
carried  on  with  much  success.  At  the  end  of  June  potatoes  were  from  a  week 
to  ten  days  later  than  for  the  average  season  but  promising;  a  large  crop  of 
grass  was  ready  for  the  harvest;  fruit  excellent  except  apples,  which  gave  every 
indication  of  a  light  yield;  vegetables  and  garden  products,  in  general,  were 
making  rapid  growth,  and  many  of  them  ready  for  the  market.  About  all  crops 
progressed  favorably  through  July;  corn  and  tobacco  were  especially  promising 
crops;  potatoes  improved,  but  were  generally  estimated  as  below  the  average; 
the  haj'  crop  was  harvested  under  very  favorable  conditions,  and  the  yield  was 
one  of  the  largest  for  a  number  of  years.  The  weather  during  August  was 
most  favorable  to  growing  and  maturing  crops  and  to  harvesting.  Potatoes 
continued  to  improve  and  were  more  promising  than  earlier  in  the  season. 
With  slight  exceptions  the  apple  crop  was  reported  a  failure,  the  yield  being 
the  smallest  for  many  years  and  the  fruit  of  inferior  quality.  The  season  closed 
with  September  and  October,  and  under  auspicious  conditions,  the  weather 
being  favorable  to  the  harvesting  of  all  farm  products,  to  fall  plowing  and  to 
seeding.  The  concluding  reports  of  the  crop  correspondents  showed  bountiful 
yields  of  corn,  tobacco  and  hay;  vegetables  plentiful  and  good,  although  pota- 
toes were  below  the  average  yield.  Pasturage  remained  good  well  into  Novem- 
ber and  stock  went  to  the  barn  in  fine  condition  for  the  winter.  Viewed  as 
a  whole,  the  crop  season  and  its  outcome  were  eminently  satisfactory  to  the 
farmers. 
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Table  136. 
Rainfall  during  six  months  ending  October  ^ i ,  igoi. 


Observer. 

Inches  per  Month. 

I^OCALITY. 

1) 

g 

si 

u 

.0 

s 

(LI 

P- 

cu 
5.76 

0 
0 
0 

4.66 

0 

Canton, 

G.  J.  Case,  - 

7.21 

1.24 

3.03 

6.42 

28.32 

Clark's  Falls, 

E.  "D.  Chapman,  - 

6. 14 

I-5I 

4.70 

2.48 



a 

— 

Colchester,     - 

S.  P.  Willard,       - 

7.2g 

2.33 

6.64 

7.83 

5-47 

2.82 

32.38 

Cream  Hill,   - 

C.  L.  Gold, 

6.  go 

1 .69 

4.57 

6.97 

4.52 

4.37 

29.02 

Falls  Village, 

M.  H.  Dean, 

6.07 

1.84 

4-39 

9.04 

4.21 

3-97 

29.52 

Hartford, 

H.  H.  Moore,      - 

7.20 

0.86 

3.23 

7.57 

5 -04 

3.60 

27.50 

Hawleyville,  - 

E.  N.  Hawley,     - 

7.23 

1. 01 

5-64 

7.81 

5.02 

4.14 

30.85 

Lebanon, 

E.  A.  Hoxie, 

7.23 

1.60 

6.72 

7-46 

3-37 

2.15 

28. 53 

Madison, 

T.  D.  Kelsey, 

6-39 

0.42 

3.62 

5-39 

9.02 

2.53 

27.27 

Middletown,  - 

A.  P.  Bryant, 

8.05 

0.84 

4.86 

7. 78 

6.57 

4.79 

32.89 

New  Haven, 

Weather  Bureau, 

6.38 

0.25 

4.40 

6.92 

5.70 

2.^5 

26.60 

New  London, 

J.  R.  May,  - 

4.75 

r.20 

2.38 

1-35 

4.92 

1.60 

16.20 

Norfolk, 

G.  0.  Stoddard,   - 

3.98 

1.90 

3-33 

7.40 

3.40 

4.40 

24.41 

N.  Grosvenor  Dale, 

Grosvenor  D.  Co., 

5.12 

1.50 

4-32 

5.01 

4.17 

3.36 

23.48 

Norwalk, 

G.  C.  Comstock,  - 

8.34 

1.29 

4.89 

8.97 

3.08 

3.48 

30.05 

Southington, 

L.  Andrews, 

7.00 

0.50 

6.30 

5.95 

6.60 

3-55 

29.90 

South  JNIanchester, 

K.  B.  Loomis, 

5-45 

1.06 

6.58 

9-53 

5.51 

3-40 

31.53 

South  Windsor, 

J.  N.  Fitts, 

5.12 

0.72 

4.12 

6.90 

5.61 

3.15 

25.62 

Storrs,   - 

Exp't  Station, 

6.30 

i.96 

5.54 

7.58 

4.33 

1.97 

27.68 

Voluntown,    - 

Rev.  E.  Dewhurst, 

6.08 

2.33 

3.963.33 

4.91 

1.85 

22.46 

Waterbury,    - 

N.  J.  Welton,       - 

8.08 

0.65  4.44;9.37 

6.25 

4.32 

33-11 

West  Simsbury, 

S.  T.  Stockwell,  - 

7.15 

1 .60 

2.54;5.82 

5.16 

4-27 

26.54 

Average,     - 

~ 

6.52 

1.29 

4.556.68 

5.17 

3.87 

27.80 
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The  publications  of  the  Station  will  be  mailed  free  to  all 
citizens  of  Connecticut,  and  to  Granges,  Farmers'  Clubs,  and 
other  agricultural  organizations,  that  ask  for  them,  and  so 
far  as  circumstances  permit,  to  those  who  apply  from  other 
states. 

To  meet  requests  constantly  received  for  information  regard- 
ing the  publications,  a  supplement  to  the  Report  for  1900  has 
been  published,  giving  a  list  of  the  Annual  Reports,  Bulletins, 
and  Reprints  issued  by  the  Station  since  its  organization.  The 
list  includes  that  portion  of  the  table  of  contents  of  each  Report 
w^hich  gives  the  titles  of  the  articles  contained  in  it;  the  number 
and  title  of  each  Bulletin,  and  the  title  of  each  Reprint  wdth 
the  number  of  the  Report  from  which  it  is  taken.  In  addition 
to  these,  the  titles  of  several  Reprints  from  the  Reports  of  the 
Connecticut  Board  of  Agriculture  concerning  the  work  of  the 
Station  are  also  given.  In  the  list  those  publications  of  which 
copies  are  no  longer  available  for  distribution  are  appropriately 
marked. 

Requests  for  the  above  mentioned  list,  or  for  any  of  the  pub- 
lications of  the  Station  should  be  addressed  to 

Storrs  agricultural 

Experiment  Station, 

Tolland  County.  StoRRS,   CONN. 
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